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BRUSH WASHING 
OF DAIRY UTENSILS 


is more effective with the 
addition of only a small amount 
of TRITON-HYAMINE detergent 
sanitizer. Detergent wets surfaces 
thoroughly and aids complete 
rinsing; germicide kills bacteria 


simultaneously. 


- TRITON-HYAMINE Detergent Sanitizers 


Increase Sanitation Efficiency in Dairies 


After numerous field tests by bacteériologists, there is 
mounting evidence that Triron-Hy AMINE detergent-sani- 
tizers consistently improve the effectiveness of sanitizing 
practices on milking machines, milk cans, and pails. 
And it’s done in one combined cleansing-sanitizing 
operation. 


One indication of this greater efficiency is the lower 
thermoduric count of milk processed with treated uten- 
sils. In addition, milkstone deposits left over from pre- 
vious methods have either diminished or disappeared 
completely. When properly formulated, TRrroN-HYAMINE 
detergent-sanitizers retain their germicidal activity over 
a wide range of hard waters and over a wide range of 
solution temperatures. 


Write today for more information about these odor- 
less, non-irritating sanitizers. 


Triton and Hyamine are ‘trade-marks, Reg. 
U.S. Pat. Off. and in principal foreign countries. 


USE OF TRITON-HYAMINE IN PRE-RINSE solution is an effec- 
tive way to obtain maximum sanitation of milking machine parts. 


Chemicals for Industry 
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COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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keep milk fresh 
to the last: 
drop 


@ From dairy to consumer these mod- 
ern, practical closures completely seal 
the bottle mouth. On the capping line, 
and during delivery, hands never touch 
the pouring lip. 

In the home, this cleanliness and sure 
protection continues. Seal-Hood and 
Seal-Kap closures snap tightly back on 
after each use, keeping milk at the peak 
of freshness and purity until the bottle 
is empty. And because both cap and 
seal are combined in one unit, users 
enjoy far easier handling than with 
ordinary caps 

Capping ‘with Seal-Hceod ind Seal- 
Kap is a single operation process. Nat- 
urally, dairymen benefit from sizable 
savings in milk loss, time and mainte- » 
nance costs... because no -Separat 


hooder is needed: 


AMERICAN SEAL-KAP CORP. 
11-05 44th Drive . 
Long Island City 1, N. Y. 


HeiPeuality 


helps protect milk purity! 


Where you find good, fresh milk chances are Heil 
helped deliver it . . . because more milk is delivered 
in Heil tanks than all others combined. 


For more than a quarter century Heil has been 
recognized as a leader in sanitary milk tank design. 

The list of milk-tank “firsts” include: Removable 
snap-on door gaskets for easier cleaning, 3-com- 
partment cabinet for sanitation by isolation, and 
Frigid-Lite* plastic tanks — newest and most ad- 
vanced in the industry. Other sanitary features are 
wall-mounted pump, @amp-type valve, and single 
gasket for manhole and dust cover. . 

Heil takes pride in helping sanitarians keep milk 
pure and refreshingly good! © 


Sanitary 3-compartment cabinet is handy to use and keep cledn. 
Plastic doors are hermetically sealed providing superior insulating 
efficiency, have snap-on gaskets, are warp-proof and dust-tight. 


HEIL co. 


Dept. 313, 3000 W. Montana St., Milwaukee 1, Wisconsin 
Factories: Milwaukee, Wis., Hillside, N. J., Lancaster, Pa. 


Heil products for the dairy industry include pick-up ond transport tanks of 
stainiess steel and FRIGID-LITE* plastic, cylindrical and rectangular milk 


id ling tanks, 
storage and cooling 
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IOSAN* 


PREVENTS MILKSTONE! 


LOWERS 


Made by Lazarus Laboratories Inc. Available from our dairy specialist in 
your territory - Your hauler or local dealer - Or Lazarus Laboratories Inc., 
Division of West Disinfecting Co., 42-16 West St., Long Island City, N. Y. 


BOTH CLEANS 


CLASSIFIED ADS 


FOR SALE: Single service milk 
sampling tubes. For further infor- 


2945 Hilyard Street, Eugene, 
Oregon. 


FOR SALE: New fi ass in- 
sulated sample case with individual 
compartment for each bottle and a 
convenient carrying bail. Bacti- 
Kit Company, Box 101, Eugene, 
Oregon. 


STANDARD METHODS® 
MILK PLATING MEDIA 


for total counts 
BBL #298 Plate Count Agar 


(M-PH Medium) 


for coliform counts 
BBL #114 Desoxycholate 
Lactose Agar 


Foldet #298 Sent on Request 
“10th ed. Standard Methods — Dairy Products 


BALTIMORE BIOLOGICAL 
LABORATORY, INC. 
A Division of Becton, Dickinson & Co. 
BALTIMORE 18, MD. 


WHY BUY 
Added Water? 


If you are buying added water, the “hole in your 
pocket” may be larger than you think. Chances are, 
however, you don’t even know the hole is there. 


There has never been a routine way to know you 

weren't buying added water. Today, everybody can 

check for water routinely. Up to thirty samples an 
ur. 


“The net overpayment runs in excess of $1500 per 
million pounds of milk for only 1% added water— 
even considering butterfat reduction and extra 
transportation costs. Part of this is direct-out-of- 
pocket loss, and cannot be passed on to the cus- 
tomer. 


Let us test your milk before you 
buy a Fiske Milk Cryoscope. 
Write today for our “Water 
Survey” plan. No obligation. 


FISKE 
MILK 
CRYOSCOPE 


Considerable earnings. 
Better product. Write 


AES 


16 Oakcrest Road, 
Needham 92 Massachusetts 


mation, please, write: Bacti-Kit Co. _. 
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PUBLIC HEALTH ASPECTS OF FOOD POISONING 


EuizaBeTH Wrison, Mitton J. Forer, anp Kerry H. Lewis 
Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio 
(Received for publication September 19, 1956) 


INTRODUCTION 


Widespread practice of food sanitation undoubtedly 
has contributed greatly to the remarkably low mor- 
bidity and mortality rates experienced in the United 
States during the recent years. There is probably less 
danger today of contracting disease from food in this 
country than in almost any other part of the world. 
However, a summary of disease outbreaks (11) com- 
piled by the Public Health Service from data supplied 
by State Health Departments show that foodborne 
disease still occurs much too frequently. In 1954 there 
were reported 250 food or waterborne outbreaks with 
more than 12,000 cases. Of these, only 7 outbreaks with 
452 cases were waterborne, 9 outbreaks with 200 cases 
were milkborne, and the remainder, 234 outbreaks 
with 11,700 cases were caused by ingestion of other 
foods. 


It should be emphasized that this probably repre- 
sents only a small portion of such cases occurring in 
the United States. There are, doubtless, many in- 
dividual “cases and family-size outbreaks of non-fatal 
illness which are not reported and never come to the 
attention of a physician. In many states, food poison- 
ing is not a reportable disease and cases attended by 
a physician often do not reach the vital statistics rec- 
ords of the State Health Departments (37). Hence, 
any estimate of the incidence of food poisoning out- 
breaks based on official reports is certain to be very 
low in comparison to the actual number of cases oc- 
curring. 

Among the total cases of established etiology, in- 
cluding salmonellosis, botulism, staphylococcal intoxi- 
cation, and toxic chemical agents, 77 per cent were 
due to staphylococcal food poisoning. Next in inci- 
dence was salmonellosis which accounted for 18 per 
cent of the cases reported. Eight outbreaks of botulism 
were reported in 1954, and only one of these was 
attributed to a commercially prepared product (11). 
The improperly home-canned foods are, at the present 
time, the most common sources of botulism in the 
United States. Modern commercial canning proced- 
ures, the outgrowth of intensive research during the 
past 50 years, have reduced to rare instances the oc- 
currence of botulism due to eating commercially 
canned food (37). 


Unfortunately, staphylococcal and salmonella con- 


taminations in perishable foods are less effectively con- 
trolled at the present time. Salmonella organisms of 
animal origin frequently contaminate meat through 
exposure to fecal material in slaughter houses. The 
investigations of Galton and her co-workers have in- 
dicated that Salmonella species are present in iced 
poultry ready for market (18) and in packaged sausage 
obtained from retail dealers (17). Salmonella have 
been demonstrated also in. many spray-dried egg 
powders (42). The danger of infecting man increases 
when the reconstituted food mixture is allowed to 
stand at temperatures which permit multiplication of 
the bacteria. Another source of danger is the food- 
handler who is a salmonella carrier (22). 


In the case of staphylococcal food contamination, 
the food-handler is very often the source of the micro- 
organisms. Staphylococci occur commonly in skin 
lesions on the hands and face, in the nasal passages, 
and in the dust of clothing and floors (9); thus foods 
may readily be contaminated by this group of or- 
ganisms. When these foods are not properly refrigera- 
ted, the staphylococci multiply and may produce the 
heat-stable enterotoxin responsible for inducing the 
food poisoning symptoms. The types of food most 
often incriminated are custards, cream-filled baked — 
goods, ham, meat pies, poultry and milk products 
(8, 9). It is of prime importance that these foods be 
cooled rapidly and that they not be held for any ap- 
preciable time at temperatures much above 5°C or 
41°F. The significance of adequate refrigeration for 
retarding bacterial growth in food is obvious, but is 
too often regarded with indifference. 

Outbreaks of food poisoning: caused by Clostridium 
perfringens (welchii) have rarely been reported in 
the United States. However, in the past decade they 
have been reported with increasing frequency in Great 
Britain (10, 23, 24). In the years 1951 and 1952, five 
per cent of the total cases of foodborne disease in 
England and Wales were attributed to food contami- 
nated with this anaerobic spore-former. In most of 
these incidents the incriminated food was a meat 
preparation which had been stored many hours with- 
out adequate refrigeration after cooking. The anae- 
robes isolated from these foods were characterized by 
spores which were viable after exposure to boiling 
temperature for periods of one to five hours (24). 


Other bacteria reported to be responsible for food 
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poisoning include the fecal streptococci, some shigella, 
and aerobic spore-formers, as well as paracolon, coli- 


form, and proteus strains. The incidence of outbreaks _ 


caused by these organisms is relatively low in the 
United States, and in some instances their causative 
role has not been well established. 


In a high percentage of foodborne disease out- 


breaks, the etiological agent is never satisfactorily es- - 


tablished, and even when staphylococci are present 
their toxigenicity is often not demonstrated. Thus, from 
the public health point of view, one of the needs in 
dealing with the food poisoning problem is the de- 
velopment of practical laboratory procedures to sup- 
ply more rapid and accurate identification of bacterial 
‘contaminants in foods. 


In addition to foodborne disease of microbial origin, 
poisoning may also result from the ingestion of food 
containing toxic chemicals. Although chemical poison- 
ing is rare as compared to that induced by microor- 
ganisms and their metabolic products, symptoms 
usually appear sooner and the illness is more pro- 
longed. However, some of the symptoms produced by 
these toxic chemicals may be confused with those of 
microbial food poisoning (10, 21). 


Detailed discussion of all phases of food poisoning 
is, of course, beyond the scope of this paper. The 
remarks that follow are intended to focus attention on 
a few of the important problems with which the Public 
Health Service is especially concerned at this time. 
A number of equally interesting and worthwhile topics 
have been omitted in the interest of brevity. 


SrapHyLococcus Foop PoIsoNING 


The culture media most commonly used for selective 
growth and characterization of staphylococci have the 
drawback of requiring a long incubation period (5, 
52). After these media have been inoculated with the 
suspected food sample, incubation for 24 to 48 hours 
is required before sufficient growth is obtained to 
determine the presence of staphylococci. The result 
does not provide evidence of toxigenicity. The methods 
available for the demonstration of staphylococcal en- 
terotoxin are even more cumbersome, time-consuming, 
and of questionable specificity. The use of human 
volunteers for this purpose is dangerous, often im- 
practical, and not completely specific, since it has 
been observed repeatedly that the susceptibility of 
human volunteers to staphylococcal enterotoxin is 
quite variable (8, 37). 

The laboratory animals used most extensively to 
demonstrate the presence of enterotoxin are the rhesus 
monkey and the cat (8, 10, 36). These are difficult 
to procure on short notice and are expensive to main- 


tain. Since newly caged cats are very susceptible to in- 
fection, it is necessary to maintain them in quarantine 
during a course of antibiotic therapy and distemper 
immunization. Both the cats and monkeys are often 


difficult to handle, and again the specificity of their 


reactions is not entirely reliable.. A more satisfactory 
test animal is urgently needed. 


The use of other laboratory animals to demonstrate 
the presence of enterotoxin has met with little suc- 
cess. Among those tried are frogs, mice, white rats, 
guinea pigs, rabbits, dogs, and canaries. Many of 
these species do not have a vomiting reflex which is 
the criterion of reaction in man, monkeys, and cats; 
therefore, diarrhea has been used as the criterion (8). 
However, since diarrhea may be induced by a num- 
ber of causes, its occurrence as an indicator of the 
presence of enterotoxin results in a test with unsatis- 
factory specificity. The use of animal reactors such 
as minnows, brine shrimp, and larvae is being con- 
sidered since they have the advantages of availability 
in large numbers and ease of procurement and main- 
tenance. As yet a demonstration that they respond in 
a specific, typical killing curve to known concen- 
trations of enterotoxic filtrate is lacking. 


An assay which can be performed quickly, with 
simple equipment, and with a high degree of relia- 
bility is urgently needed. Attempts to circumvent the 
deficiencies of bioassay procedures have been made 
in a variety of research organizations concerned with 
food technology, microbiology, and sanitation. The 
status of some of these investigations will be con- 
sidered briefly. 

At the Robert A. Taft Sanitary Engineering Center 
investigations are being directed toward the rapid pre- 
sumptive identification of bacterial contaminants in 
foods. The aim of these studies is to develop methods 
which will permit screening of suspected foods in a 
period of 6 to 8 hours, thus making possible a pre- 
sumptive identification of the bacterial contaminant 
during the workday in which a food sample is re- 
ceived. Such a method for detecting staphylococci is 
being tested for its effectiveness with different types 
of foods and with staphylococci of various cultural 
and metabolic characteristics. By this method it is 
possible to determine, after a few hours of incubation, 
the coagulase-producing capacity of the staphylococ- 
cus concerned. There is a high degree of correlation 
between the production of coagulase and enterotoxin. 
This test by no means replaces the need for a demon- 
stration of the presence of enterotoxin, but it does 
serve as a rapid screening procedure. 

It has long been believed that the presence of 
enterotoxin in an extract of suspected food or in a 
staphylococcal growth filtrate might be demonstrated 
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by serological means. There is evidence that experi- 
mental animals develop a tolerance to the administered 
enterotoxin. Some investigators have believed that 
antibodies are formed which could be used in a sero~ 
logical test, but investigations in this area have been 
only partially successful. Surgalla, Bergdoll, and Dack 
(46) used the antigen-antibody reaction in agar to 
follow the progress of purification of the enterotoxin. 
However, efforts to protect experimental animals with 
an enterotoxin-induced antibody have met with limited 
success (8). 


The greatest deterrent to the development of assay 
procedures lies in the fact that a purified and chemi- 
cally defined enterotoxin is not available. Although the 
material has been studied for some time, only pre- 
liminary reports of its purification and characteri- 
zation have been published (1, 2, 12, 48). Conversely, 
studies on purification and antigenicity are made diffi- 
cult by the lack of suitable assay procedures. It would 
be most desirable to develop a method of assay not 
dependent uvon biological reactions, as are either an 
experimental animal reactor or a serological test. An 
ideal assay would be one in which a specific chemical 
reaction occurred between the enterotoxin molecule, 
or some portion of it, and a readily available and 
easily handled reagent. Such a test, naturally, awaits 
additional information as to the chemical nature of 
the enterotoxin. 


In aduition to these studies designed to establish 
the identity and toxigenicity of staphylococci found 
in food, other investigations have been directed toward 
a method of classifying staphylococci (4, 49, 50, 51) 
which is useful in the epidemiological investigation of 
food poisoning. This method of classification is based 
upon the susceptibility of staphylococci to bacterio- 
phage. 


Staphylococci which have been isolated from the 
food eaten by victims of an outbreak and those iso- 
lated from fecal material and/or vomitus of patients 
are typed by this means. If the staphylococci from 
these two sources are in the same phage grouping, 
these microorganisms are presumed to have a causa- 
tive relationship to the food poisoning case. Persons 
who handled the food are also examined for the pre- 
sence of exposed suppurative lesions and nasal swab 
examinations are made. The staphylococci thus iso- 
lated are subjected to the phage-typing procedure. The 
presence of staphylococci of the same phage type in 
a patient, in the food, and in a handler of food that 
has been incriminated in an outbreak is considered 
strong connective evidence. This procedure is being 
used extensively in epidemiological studies of food 
poisoning by the Department of Health of the City 
of New York. The Public Health Service has recently 


added phage-typing to the laboratory services offered, 
by the Communicable Disease Center at Atlanta, 
Georgia. ; 


SALMONELLA Foop INFECTION 


The investigations devoted to the study of sal- 
monella food infections have been less varied than 
those for the staphylococci. The illness developing 
from salmonella poisoning is a true infection in- 
duced by the presence of a large microbial population, 
rather than by the activity of a preformed toxin like 
that produced by the staphylococci. Hence the studies 
dealing with the Salmonella problem have centered 
about the improvement of growth media for their 


‘isolation and techniques for their identification (13, 


25, 30, 40, 45). 

The serological identification of Salmonella species 
is an intricate procedure requiring training, much 
practice, and svecial materials. In order to accomplish 
a thorough epidemiological study, detailed typing of 
the Salmonella found in food is indicated. It is im- 
practical to consider complete typing in small city or 
county laboratories, but such service is available in 
the laboratories at the Communicable Disease Center. 
in Atlanta, and at many State Health Department la- 
boratories. 

A particularly. promising development related to the 
identification of Salmonella as a genus, and not as 
individual svecies, has been reported by Cherry e¢ al. 
(6). This procedure relies upon the susceptibility’ of 
the members of the Salmonella group to a bacterio- 
phage. The use of this technique would serve as a 
rapid method to screen isolates from large numbers 
of food samples. 

In a discussion of “Salmonella as a Food Industry 
Problem”, Hinshaw and McNeil (22) have indicated 
as the principal preventive measures the following: 
(a) location and elimination of animal reservoirs, (b) 
prevention of transmission by human carriers, and 
(c) storage and refrigeration. 

Recent publications by Galton and her co-workers 
(17, 18, 20) have presented studies of the incidence of 
Salmonella in poultry, swine, cattle, and in certain 
meat products, as related to their transmission by 
food. Their studies on Salmonella in dogs (19) sug- 
gest the possibility of transmission by animal carriers 
that are household pets. They have demonstrated in 
these animal resevoirs many Salmonella species that 
are pathogenic for man. The actual inducement of 
experimental human disease with known oral doses 
of Salmonella species isolated from food has been | 
reported by McCullough and Eisele (31, 32, 33). They 
have established the oral doses of Salmonella new- 
port, S. derby, S. bareilly, S. meleagridis, S$, anatum, 
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and S. pullorum that cause illness in man. These or- 
ganisms were originally isolated from spray-dried 
whole eggs. 


SHELLFISH PoIscNING 


Two types of research relating to the transmission 
of disease by shellfish (clams and oysters) currently 
are being performed by the Robert A. Taft Sanitary 
Engineering Center. The first is being conducted at a 
branch marine laboratory in Pensacola, Florida. The 
investigations concern the relation of pollution in the 
water of growing areas to the sanitary quality of 
oysters, the survival of enteric bacteria in these shell- 
fish, and the effect of commercial processing practices 
on their bacterial content (27). 

The second study is concerned with the paralytic 
shellfish poison formed in certain ocean mussels and 
clams that are found on the Pacific Coast of the 
United States, Canada, and Alaska, as well as in the 
Bay of Fundy and Gulf of St. Lawrence. The poison 
is not a metabolic product of the shellfish, but is 
formed by the dinoflagellate, Gonyaulax catenella on 
which the mollusks feed (37, 43). This toxic material 
has caused death in man when only a few of the 
toxic shellfish have been ingested. The minimum 
lethal dose for man, as determined by epidemiological 
investigations, is probably between 20,000 and 40,000 
mouse units, i.e., approximately four to eight milli- 
grams. The research studies referred to are devoted to 
the improvement of assay procedures. Work is being 
conducted on the preparation, distribution, and use 
of an international reference standard for the mouse 
bioassay. A chemical assay procedure is also being 
developed for use in areas where mice are not avail- 
able or are difficult to maintain in suitable condition 
for a routine testing program (34). 


CHEMICAL POISONING 


The symptoms of nausea and vomiting which de- 
velop in a few hours or less after ingestion of foods 
contaminated with antimony, arsenic, barium carbo- 
nate, and lead may be confused with the similar 
symptoms of staphylococcus food poisoning. The ab- 
normal function of muscles of the eye observed in 
poisoning by methyl chloride, methyl alcohol, and 
sodium fluoride have sometimes led to its confusion 
with botulism. When poisoning results from the in- 
halation of methyl chloride as it escapes from leaking 
mechanical refrigerators, the symptoms may be con- 
fused with food poisoning since many persons in a 
- household become ill within a short time (10). 
Poisoning from antimony, cadmium and zinc as a 


rule has resulted from eating food prepared in cooking 


utensils constructed of material containing these 
metals. Occasionally chemical poisons have been 
added to food accidentally because they were stored 
near food constituents which they resembled in ap- 
pearance. Incidents of chemical poisoning resulting 
from such accidents have occurred when sodium fluor- 
ide, an insecticide, was used in place of baking soda 
and when barium carbonate, a rodenticide, was used 
instead of flour to prepare pastry. The belief that 
nickel, aluminum, copper, and tin from utensils or 
containers have been responsible for food illness has 
not been upheld by scientific investigation (10). How- 
ever, a recent report implicates copper used in color- 
ing for cake frosting in 4 cases of poisoning (29). 

Aside from the hazards associated with toxic chemi- 
cals which enter foods accidentally, poisoning from 
materials used in processing and preserving foods and 
sanitizing of equipment is a possibility. 

Protection of the public health from such food con- 
tamination is principally an activity of the Food and 
Drug Administration, based on provisions of the Food 
and Drug Act of 1906 (14) and the Food, Drug, and 
Cosmetic Act of 1938 (15). The use of chemical pre- 
servatives and coloring matters in foods is controlled, 
and permissible fixed limits for certain ingredients 
have been specified. For example, tolerances have 
been established for lead and arsenic contents of 
sprayed fruit and vegetables (47), and for antibiotic 
(chlortetracycline ) residue in uncooked poultry (16). 
Constant evaluation of newly developed compounds 
used in producing and processing foods is required. 
In this connection, the Public Health Service has 
cooperated in research activities designed to evaluate 
the effects of ingesting such materials. 


CONTROL AND PREVENTION OF Foop PoIsONING 


Recognition and reporting 


Many of the research activities which have been 
discussed here are concerned with diagnostic labora- 
tory :procedures. However, public health aspects of 
food poisoning are not, by any means, limited to labo- 
ratory diagnosis. 

One of the problems which should be studied is 
the development of a procedure for more adequate 
coverage and reporting of foodborne outbreaks. Also 
essential is educating the public to recognize the 
symptoms of food poisoning and the value of reporting 
them to a family physician or public health authorities. 
It is desirable that suspected outbreaks, even though 
they are of individual or family size, be reported to 
public health authorities immediately so that an effec- 
tive epidemiological investigation can be made (7). 
Reliable laboratory examinations can be made only on 
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food specimens that are relatively fresh and have not 
been exposed to contamination in garbage disposal 
containers. Food suspected of being associated with 
poisoning outbreaks should be held at refrigeration 
temperature until it can be examined in the labora- 


tory. 
Control of food handlers 


Essential to the control of food poisoning is pre- 
venting transmission of the causative organisms to 
food by human carriers. Care should be taken to avoid 
employing as food handlers persons known to have a 
history of an unresolved carrier state or those with 
active infectious disease. Although periodic physical 
examination of food handlers was at one time recom- 
mended and practiced, currently its value as a sani- 
tation measure is questioned. Because of the fluctuat- 
ing pattern of shedding microorganisms in subacute 
disease, the value of periodic examination of fecal 
specimens of food handlers is doubtful except when 
recent cases of gastro-intestinal illness are involved or 
the presence of a carrier is suspected. Training pro- 
grams for food handlers stressing persona! cleanliness 
and its relation to foodborne disease have proved 
effective means of improving food handling practices. 


Food sanitation practices 


The spread of disease by foods can be related di- 
rectly to the sanitary quality of foods and the con- 
ditions under which they are processed, stored, dis- 
tributed, and served. Improvement in the sanitary 
quality of foods by application of good sanitation 
practices will minimize the health hazards. Failure 
to cook food thoroughly, refrigerate it adequately, or 
sanitize equipment properly are among the most 
commonly violated sanitation practices. _ , 

The Public Health Service assists the health de- 
partments of municipalities, counties, and states in 
food sanitation control by developing model ordi- 
nances, codes, and operating manuals. Their provisions 
have the force of law only when adopted by the state 
or local governments having jurisdiction in a particular 
area. Further, the Public Health Service is legally re- 
sponsible for sanitation aboard interstate carriers such 
as railroads, airlines, and ships. Permissible practices 
are defined in the Interstate Quarantine Regulations 
(26) and compliance is obtained through consultation, 
training, and cooperative planning with the carriers, 
as well as by direct enforcement involving inspection 
and rating. 

The model ordinance which is best known and most 
widely used is that for milk (38). The topics with 
which it deals include the prohibition of the sale 


of adulterated, misbranded, or ungraded milk and 
milk products; the inspection of farms and milk 
plants; the grading of milk, its pasteurization and 
various aspects related to handling. Provisions for 
sanitary practices are proposed which aim at em 
contamination of milk at the source of supply, in 

transit, and in preparation for distribution to the con- 
sumer. The provisions made for determining the ex- 
tent of bacterial contamination serve to evaluate the 
sanitary quality of the product as it reaches the con- 


“sumer. Appendix F of this ordinance which deals with 


bactericidal treatment of utensils and equipment has 
been recently modified to incorporate new technical 
developments in chemical germicides (28): ' 

The Public Health Service also assists with the In- 
terstate Milk Shipment program. In states participat- 
ing in the interstate shipment of milk, the central 
laboratory of the State Health Department is visited 
periodically by an official of the Robert A. Taft Sani- 
tary Engineering Center. Each state is visited about 
once in three years. The Public Health Service repre- 
sentative evaluates the performance of each laboratory 
in terms of its conformity with Standard Methods for 
the Examination on Dairy Products (44). In turn then, 
the State central laboratory evaluates the performance 
of its own branch laboratories.’ Some states request 
that the Sanitary Engineering Center participate in 
this program by examining split-samples of milk which 
are being sent to the branch laboratories (3). 

The ordinance and code regulating eating and 
drinking establishments recommends practices de- 
signed to encourage uniformity and effective levels of 
sanitary control in these establishments | (39). One 
form provides for the grading of restaugants, while an 
alternative form provides only a single set of minimum 
standards. The recommendations provide that the 
establishment failing to meet the minimum standard 
requirement lose its permit to operate. The adoption 
of all or any portion of this code is optional on the 
part of the municipality or state. 

The Public Health Service also provides a Manual 
of Recommended Practice for Sanitary Control of the 
Shellfish Industry (35) which is used by: all shellfish- 
producing states that cooperate with the Public Health 
Service in the certification of shellfish producers. | 

The most recent model ordinance developed by the 
Service is the Poultry Ordinance published in 1955 
(41). It provides for the inspection. of-poultry and the 
prohibition of the sale of adulterated or misbranded 


poultry and poultry products. Attention is directed to 


packaging and processing with emphasis upon sanitary 
practices in processing plants. An-ordinance directed 
toward this type of food is particularly pertinent be- 
cause of the marked increase in poultry consumption 


over the past 15 years (41). Ordinances relating to 
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dried milk and food and beverage vending machines 
are in the process of being drafted. 


SUMMARY 


Despite widespread practice of food sanitation in 
the United States in recent years, foodborne disease is 
still prevalent. Better control of the problem is visuali- 
zed when (a) improved recognition and reporting 
make possible more effective epidemiological investi- 


gations, (b) improved laboratory techniques facilitate 


detection of contaminants in foods, and (c) good sani- 
tation practices in processing, storing, distributing, and 
serving food are more widely adopted. 

' The Public Health Service is cooperating with other 
public and private agencies to achieve this goal 
through its programs of education, research, and 
technical services, and by .developing model ordin- 
ances, codes, and operating manuals as guides for 
sanitation control. 
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BACTERIOLOGY OF MILK HELD 
AT FARM BULK COOLING TANK TEMPERATURES 


|, EFFECT OF TIME AND TEMPERATURE DURING STORAGE, 
FARM SOURCE OF MILK AND SEASON OF YEAR’ ” 


E. H. Marra anv W. C. Frazier 


Department of Bacteriology, University of Wisconsin, Madison 
(Received for publication September 8, 1956) 


Raw milk samples from different farms were held at 36° F 
38° F., 45° F., and at 38° F. with periodic warming to 45° F. 
or 50° F., and standard, thermoduric and psychrophilic plate counts 
were made daily for four days. Little increase in bacterial numbers 
took place in three days at 36° F. At higher temperatures significant 


increases occurred in part of the samples within one or two days. 


A 45° F. storage temperature was too high. No correlation was 
found between farm source of milk and growth of bacteria. Psychro- 
philes grew better in summer than in winter milk. 


The advent of the handling of milk in bulk on the 


farm has drawn attention to the growth of bacteria 
in milk held at low temperatures in farm coolers, The 
presence and subsequent growth of these bacteria may 
seriously affect the quality of the milk as it is col- 
lected at the farm and even may cause its rejection. 


Bulk milk handling has already become an impor- 
tant operation on many farms. Although milk pro- 
duced by the bulk method usually is picked up daily 
at the farm, economic pressures have brought about 
a movement toward every other day or even less fre- 
quent pick-up of milk. 


Results of Hunter (5) and Marth, Hunter and 
Frazier (8) showed that milk of high quality (initial 
average bacteria count of 4,700 per ml.) could be 
held successfully in furm bulk cooling tanks for every- 
other-day pick-up. There was no assurance that good 
results could always be obtained with milks produced 
on different farms and that all milks with a low 
initial bacteria count would remain in good bacterio- 
logical condition during the storage period in the bulk 
cooling tank. 

Ayers, Cook and Clemmer (2) found that when 
three different grades of raw milk were stored at 40° F. 


the following occurred: (a) the increase in numbers 
of bacteria varied in different milk samples with about 


1Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. This. work was sup- 
ported in part by funds from the United States Steel Cor- 
poration. 

2The research reported herein was conducted as a part of 
the North Central Regional Research Project NC-3, = 
Dairy Barns and Related Structures. 


E. H. Marth was born and raised on a southeastern Wis- 
consin dairy farm. He graduated from the University of 
Wisconsin in 1950 with the B.S. degree in Agriculture in 
1952 with the M.S. degree in Bacteriology and in 1954 with 
the Ph. 'D. degree in Bacteriology. Since then he has been 
a project associate in Bacteriology at the University of 
Wisconsin and presently is an Instructor of Bacteriology at 
the same institution. 


the same initial bacteria count; (b) raw. milks with 
an initial average of 4,295 bacteria per ml. showed an 
average two-fold increase in numbers of bacteria after 
three days and an average four-fold increase after four 
days; (c) milks with an average of 39,082 bacteria per 
ml. showed a six-fold increase after three days and a 
27-fold increase after four days; and (d) milks with an 
average of 136,533 bacteria per ml. showed an average 
two-fold increase after two days, a five-fold increase 
after three days, and a six-fold increase after four days 
of holding. 


Prouty (9) collected raw milk samples from three 
farm tanks after the fourth milking, incubated them 
for one and two days at 37° to 39° F., and made counts 
of “facultative psychrophilic bacteria” as well as stan- 
dard plate counts. Psychrophilic counts increased 
more rapidly than did standard plate counts, but were 
not excessive after 24 hours of storage. After 48 hours 
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a fourth of the samples had psychrophilic counts in 
excess of 100,000 per ml. 

Claydon (3) reviewed previous reports on differ- 
ences in growth of bacteria in summer and winter milk 
resulting from actual differences in the milk rather 
than higher temperatures and greater contamination 
in the summer. Claydon found poorer growth at 50° 
F. in sterilized and inoculated winter milk than in 
summer milk, agreeing with other workers who had 
found the summer milk to be the better culture 
medium. 

Greene and Jezeski (4) have defined a sO 
philic bacterium as one that can proliferate in a rela- 
tively short time under refrigerator conditions. This 
definition will be accepted for the following discus- 
sion. 

The experiments reported in this paper were on the 
changes in numbers of bacteria in raw milk held at 
farm bulk cooling tank temperatures as affected by: 
(a) time and temperature of storage; (b) the farm 
source of the milk; and (c) the season of the year. 
Other papers will discuss the effect of the initial num- 
bers of bacteria in the milk (6), and the kinds of 
bacteria present and able to grow in raw milk ned 
at 38° F. (7). 


METHODS 
Sources of milk 


Milk for most of this study came from three private 
farms in the Madison area and a University farm. 
Additional samples from three other farms and another 
University farm were tested when holding was at 
38° F. Farms where milking was done in a parlor and 
a pipeline milker was employed, were selected to 
make up six of the eight farms and all four of the 
farms from which samples were obtained for most of 
the tests, because it was thought that the pipelines 
often employed with a bulk cooling tank might be 
sources of additional contamination. The other two 
farms used bucket-type milking machines and cans; 
the cows were milked in the stanchion. 

On all farms the udders and teats of the cows were 
wiped with a wet cloth; five farms used chlorine 
solution, and three used detergent solution, quater- 
nary ammonium compound and water, respectively. 
The procedures for cleansing and sanitizing pipelines, 
milking machines and other utensils differed consider- 
ably from farm to farm, and varied from excellent to 
poor. Some used only alkaline detergent; others sub- 
stituted an acid detergent periodically. Some sanitized 
with 200 p.p.m. chlorine solution, others with “hot” 
water at various temperatures, and others combined 
the two treatments, At five of the six farms with pipe- 


lines they were dismantled and brushed at varying in- 
tervals. These differences in procedures at the various 
farms should result in the production of milks that 
were different bacteriologically. 

Care was taken in all experiments to avoid the use 
of milk which might have contained antibiotics. - 


Incubation” of milk at temperatures of fatm bulk 


A home freezer with a capacity of ten cubic feet 
was used to cool water in two glass baths, with con- 
tinuous agitation by a power stirrer. Two magnetic 
stirring motors under each bath agitated milk samples, 
and a 600 watt heater and a thermostat in each bath 
served to control the temperature within plus or 
minus 0.1° F. 

Incubation at 36° F., 88° F. and 45° F. About 300 
ml. of raw milk were collected in a 500 ml. Erlenmeyer 
flask at the farm prior to cooling, packed in ice and 
brought to the laboratory within 45 minutes. The milk 
had cooled to 65° — 70° F. by the time it arrived at 
the laboratory. Standard, thermoduric, and psychro- 
philic plate counts (1) were made on the fresh milk. 
Petri plates for standard and thermoduric plate counts 
were incubated at 32° C, (89.6° F.) for two days and 
those for psychrophilic plate counts at 10° C. (50° F.) 
for 14 days. 


The milk was incubated for four days at 36° F., 
38° F. or 45° F. in the previously described equip- 
ment and a daily standard plate count (SPC), thermo- 
duric plate count and psychrophilic plate count (PPC) 
were made. When milk was first placed in the bath 
it was stirred two hours both to insure rapid cooling 
to the desired temperature and to stimulate the two 
hour agitation of milk when it first enters the farm 
bulk cooling tank. Fifteen to 20 minutes of cooling 
brought samples of milk to the desired temperature. 
Milk samples were agitated for two minutes prior to 
sampling for plating, for experiments had shown that 
a representative sample could be obtained after one 
minute of agitation. Marth, Hunter and Frazier (8) 
had similar results on sampling milk in two farm bulk 
cooling tanks. 

Studies were made on the bacteriology of smiled of 
raw milk held at various storage temperatures for 
four days, rather than to try to simulate the addition 
of seven succeeding milkings, so as to avoid the com- 
plications and uncertainties involved in the intro- 
duction of seven new lots of milk that probably would 
differ from the original milk in both numbers and 
kinds of bacteria. It was realized, of course, that con- 
tinued incubation of one sample was likely to result 
ir, greater numbers at any time after 12 hours than 
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when successive samples of fresh milk were- added. 


Incubation at 38° F. with periodic increases to 45° 


F. The procedure for incubation of milk at 38° F. was 
tollowed except that at ten hour intervals stirring and 
warming of the milk was begun. The temporary warm- 
ing, of the milk was accomplished automatically by 
means of a time clock to start and stop stirrers and 
heaters at the desired times. The milk samples were 
warmed to 45° F. in ten minutes and held there for 
110 minutes while being stirred constantly. The milk 
samples were cooled back to 38° F. in 20 minutes and 
held there for nine hours and 40 minutes when the 
cycle was repeated. This experiment was designed to 
simulate changes in the temperature of milk in farm 
bulk cooling tanks that occur when fresh warm milk 
is added at successive milkings as reported by Marth, 
‘Hunter and Frazier (8). 

Incubation at 38° F. with periodic increases to 50° 
F, The procedure was like that just described except 
that the milk samples were warmed to 50° F. in 12 
minutes, held there for 108 minutes with constant 
stirring, then cooled back to 38° F. in 28 minutes, and 
held there for nine hours and 32 minutes. This pro- 
cedure simulated temperature changes in milk during 
successive milkings when a bulk cooling tank was 
employed that cooled more slowly. 


RESULTS 
Effect of time and temperature of storage 


Logarithms of average numbers of bacteria in raw 
milks held at various cooling temperatures are shown 
in Figure 1 which is based on the number of, samples 
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indicated in Table 1. Logarithms of average numbers 
are used because the influence of individual results 
is not minimized as much as by averages of logarithms. 
This is important, for in work of this nature the sample 
with unusual results may be of greatest’ significance. 
Figure 1 shows that there was on the average a de- 
crease in numbers of bacteria during the first two days 
of storage at 86° F. By the third day psychrophiles had 
increased, but both SPC and PPC gave increased 
counts after four days. The milks held at 38° F., which 
were barely Grade A for pasteurization, exhibited 
rapid and continuous increases in numbers of bacteria 
by both SPC and PPC methods and exceeded the 
Grade A standard after one day. Storage of the milk 
at 38° F. with periodic warming to 45° F. or 50° F. 
apparently did not increase rates of growth to any ex- 
tent. However, holding milk at 45° F. resulted in rapid 
growth from the start as judged by SPC or PPC 
methods. Most of the milk samples tested would be 
classed as Grade A for pasteurization as received from 
the farm, but most samples exceeded the 200,000 
bacteria per ml. within three days at storage tem- 
peratures above 36° F. 
Table 1 indicates the percentage of samples that 
showed increases in numbers of bacteria as indicated 
by the SPC method and the ranges of those increases, 
and Table 2 does the same for the PPC method. SPC 
counts in Table 1 indicate no increase in numbers after 
three days at 36° F. and increases in four days in only 
one-eighth of the samples. At 38° F., however, in- 
creases began during the first day and increased in 
rate through the succeeding days. Milks held at 38° F., 
but warmed periodically to 45° F. or 50° F., had no 
increase after one day, slow increases for the most 
part during the second day and more rapid increases 
thereafter. At 45° F. increases were early and rapid. 


Taste 1 — Errecr or Storace or Raw Mitxs At Various CooLinc TEMPERATURES ON PERCENTAGES. OF SAMPLES SHOWING 
IncrEAsES IN STANDARD PLATE Counts AND RANGES OF THOSE INCREASES 


Days of storage 


2 3 4 


3-6X* 7-10X >10X 3-0X" 7-10X >10X 3-6X* 7-10X >10X 3-6X* 7-10X >10X 
°F. 
36 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 6.25 
38 57 5.26 1:75 0.00 10.65 0.00 5.26 8.77 1.75 10.65 10.65 3.50 19.30 
38/45» 20 0.00 0.00 0.00 5.00 0.00 5.00 10.00 0.00 10.00 15.00 5.00 25.00 
38/50¢ 12 0.00 0.00 0.00 0.00 0.00 0.00— 8.33 0.00 8.33 8.33 25.00 33.33 
45 23 13.04 4.35 13.04 13.04 4.35 30.43 0.00 4.35 69.56 8.70 4.35 82.61 


a3-6X = Three to six-fold increase over original number of bacteria. 
Milk stored at 38° F. except when warmed periodically to 45° F. 


©Milk stored at 38° F. except when warmed periodically to 50° F. 
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Taste 2 — Errect or Storace or Raw Miixs At Various Cootinc TEMPERATURES ON PERCENTAGES OF SAMPLES SHOWING 
Increases IN NUMBERS OF PsYCHROPHILES AND RANGES OF THOSE INCREASES ; 


Days of storage 


1 2 3 . 4 


3-6X* 7-10X >10x 3-6X* 7-10X >10X 3-6X* 7-10X >10X 3-6X* 7-10X >10X 

°F. 
36 16 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 25.00 0.00 12.50 
38 57 4.26 0.00 0.00 10.65 0.00 6.39 12.78 4.26 12.26 17.04 6.39 21.30 
38/45> 20 15.00 0.00 0.00 5.00 5.00 5.00 25.00 0.00 20.00 25.00 10.00 45.00 
38/50¢ 12 0.00 0.00 0.00 0.00 0.00 0.00 25.00 8.33 0.00 16.67 8.33 66.64 
45 23 30.25 8.70 13.05 26.10 8.70 39.15 4.35 8.70 73.95 4.35 4.35 91.30 


*3-6X = Three to six-fold increase over original number of bacteria. 
>Milk stored at 38° F. except when warmed periodically to 45° F. 
eMilk stored at 38° F. except when warmed periodically to 50° F. 


with methods of milk production on these farms. It 
was true that, in general, good procedures of cleansing 
and sanitizing resulted in milk with lower numbers of 
total bacteria and of psychrophiles than milk produced 
on farms with poorer procedures. The effect of num- 
bers of bacteria in the original milk on the growth 
of bacteria during storage will be discussed in a fol- 
lowing paper (6). It is obvious, however, that the 
lower the original count of a sample of milk is, the 
longer it will take to reach the limiting numbers for 
a grade. No definite relationship was evident, how- 
ever, between original numbers of psychrophiles in the 
milk and their rate of growth during low temperature 
storage. High and low count milks showed slow growth 
of bacteria at some times and rapid growth at other 
times. Successive samples of milk from one farm often 
showed greater differences than samples from differ- 
ent farms. Even milk from the farm with the poorest 
production method did not consistently contain rapidly 
growing psychrophiles; yet milk from a good farm 
often showed rapid bacterial growth. 


Because of the lack of correlation between pro- 
cedures of cleansing and sanitizing on the farms and 
differences in rates and amounts of growth of bacteria 
in stored milk samples from these farms, no data are 
presented here. ; 

Effect of season of the year . 


For the purpose of comparison the year has been 
divided into two seasons, the summer from May 
through September and the winter from October 
through April. The growth of psychrophilic bacteria in 
raw milks held at farm bulk cooling tank temperatures 


of 38° F. and 45° F. during these two seasons is sum- 
marized in Table 3. It will be observed that not only 
did a greater percentage of the milk samples show 
three-fold or greater increase in numbers each day 
during the storage period at 38° F. and 45° F. in the 
summer than in the winter, but also that the average 
increase over the original number was greater. The 
effect was more striking when storage was at 45° F. 
than at 38° F. 


Discussion 


It should be kept in mind that the experiments just 
described involved incubation of the original samples 
of milk at various temperatures for a total of four . 
days. In practice, however, a second milking would 
dilute the original milk by half about twelve hours 
later. A third milking would dilute the first two milk- 
ings, and so on. Each fresh addition presumably re- 
duces numbers of bacteria of the mixture in the cool- 
ing tank if previous growth has taken place, but the 
dilution effect decreases with each additional milking. 
Therefore, the longer the time between pick-ups of 
milk, the more important will be the growth of bac- 
teria in the first’ milkings that enter the tank. The 
results of the experiments reported here show that 
growth can be rapid after the first day at 38° F. or 
higher. Any set of storage conditions found satisfac- 
tory under the conditions of the experiments reported 
here, should be all the better under practical con- 
ditions, which, for the reasons cited, would permit 
still poorer growth of bacteria. 


It was thought that the raw milk used in these ex- 
periments might exhibit a so-called “germicidal” or 
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bacteriostatic effect. Actually, however, this bacterio- 
static effect probably is of little or no significance in 
the milk in the cooling tanks, because the effect is 
greatly reduced by low temperatures, although more 
prolonged, and because the psychrophiles that grow 
in the cooled milk do not seem to be affected apprecia- 
bly by the bacteriostatic substances, as will be shown 
in a later paper (7). 

Experiments should be conducted, of course, on a 
number of farms to study the effect of addition of 
fresh milk at each milking on the numbers of bacteria 
in the milk in the farm bulk cooling tanks. It would 
be interesting, too, to obtain samples of milk from a 
large number of farms to see whether any of them 
chance to carry persistently some of the strains of 
psychrophiles able to grow rapidly at the tempera- 
tures of farm bulk cooling, tanks. 


SUMMARY 


Raw milk samples from farms employing different 
methods and conditions of production were held at 
36° F., 38° F. and 45° F. for four days and tested 
daily by the standard, thermoduric and psychrophilic 
plate count methods, Similar tests also were made on 
raw milk samples held at 38° F. with periodic increases 
to 45° F. or 50° F. in imitation of the warming effect 
of the addition of subsequent milkings. 

At 36° F. there was, on the average, a decrease in 
numbers of bacteria during the first two days of hold- 


ing. Psychrophiles had increased~a little by the end 
of three days, and both psychrophiles and bacteria 
estimated by the standard plate count method had in- 
creased after four days. This storage temperature kept 
bacterial numbers in all milk samples tested low 
enough to meet the standard for Grade A raw milk 
for pasteurization as delivered from the farm, even 
through the fourth day. The percentage of 36° F. 
samples showing significant increases in standard 


plate counts was zero until after four days when only 


6.25 per cent showed appreciable rates of growth. By 
this time 12.5 per cent of the samples showed over 
ten-fold increase in psychrophiles. A storage tempera- 
ture of 36° F., then, seems to be satisfactory for hold- 
ing these milks for three ‘days, 

Raw milk samples held at 38° F. showed, on the 
average, rapid and continuous increases in numbers of 
bacteria as estimated by either plate count method. 
Because the original samples had for the most part 
fairly high bacterial counts, the average counts ex- 
ceeded the Grade A standard after one day. Milk 
samples at 38° F. in which increases in numbers of 
bacteria took place showed in¢reasing rates of growth. 
on succeeding days: of storage and increasing per- 
centages of the samples showed appreciable growth.’ 
So percentages of samples giving seven-fold or greater 
increases by the standard plate count method rose 
from 1.75 per cent after one day to 5.26 per cent 
after two days, 12.3 per cent after three days and 
22.8 per cent after four days. Psychrophilic _ plate 


TasLe 3 — EFFECT OF Season ON GrowTH OF PsyCHROPHILIC BacreriA IN Raw Muxs At Farm*Butx Cooninc TANK 


TEMPERATURES 
Season 
Summer* Winter® 
Samples with ; Samples with 
S Storage 3X or greater Average 3X or greater Average 
temperature time increase increase increase increase 
°F Days per cent X initial no per cent X initial no 

1 8.9 4 3.2 4 

2 16.0 33 6.5 5 

38¢ 4 3 35.6 327 22.6 9 

4 53.4 382 41.9 25 

1 64.3 94 33.3 4 

2 85.7 4,463 55.5 18 

45¢ 3 92.9 10,680 66.7 321 

4 100.0 15,508 100.0 647 


aMay through September. 
>October through April. 


eIncludes milks stored at 38° F. except when warmed to 45° F. or 50° F. for two hours at ten hour intervals. 


456 samples during summer and 31 during winter. 
€14 samples during summer and 9 during winter. 
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counts gave higher results than these after three and 
four days. 

Apparently the first three days of storage of milk 
at 38° F. with periodic warming to 45° F. or 50° F. 
did not increase rates of bacterial growth over those 
in milk at 38° F. continuously, but by the fourth day 
a larger percentage of the samples showed rapid 
growth in milk samples periodically warmed. 


Holding milk at 45° F. resulted in rapid bacterial 


growth from the start as judged by either method of 
counting. Also the percentage of samples showing 
seven-fold or greater increases was considerably larger 
at all stages of storage. Obviously 45° F. is too warm 
a temperature for milk in a farm bulk cooling tank. 


No significant changes in numbers of thermoduric 
bacteria were observed in the raw milk samples during 
any of the periods of storage at any of the storage 
temperatures. 

No correlation could be observed between methods 
of milk production on eight farms and rates or amounts 
of bacterial growth in milk samples stored at the 
various temperatures. 

Psychrophilic bacteria grew in more of the raw 
milk samples held at 38° F. and 45° F. and at a 
greater rate in these samples when the samples were 
obtained from May through September than when 
they were procured from October through April. 
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BACTERIOLOGY OF MILK HELD AT FARM BULK COOLING 
TEMPERATURES 


I]. EFFECT OF NUMBERS OF BACTERIA IN THE ORIGINAL MILK’ * 


E. H. Marrs anp W. C. Frazier 
Department of Bacteriology, University of Wisconsin, 
Madison 
(Received for publication September 8, 1956) 


Raw milk samples containing less than 50,000 bacteria per mil, 
were compared with samples over 50,000 per mi. by means of 
bacterial counts made during four days of storage at 36° F., 38° F., 
38° F., with periodic raises to 45° F. or 50° F., and 45° F. More 
samples of the high count milks showed appreciable growth within 
one, two, three or four days than of the low count milks, but 
psychrophiles often grew faster, especially after two days, in the 
low count milk. Raw milks are more likely to remain Grade A for a 
desired storage period if they contain low numbers of bacteria and 
if their storage temperature is 38° F. or lower, 


{n general it is to be expected that raw milk with a 
high bacterial content will be likely to contain more 
psychrophilic bacteria than milk with low numbers 
of bacteria and the greater the number of psychrop- 
hiles there are in a milk sample, the shorter should 
be its keeping time in a farm bulk cooling tank. The 
work reported here to investigate the possibility in- 
volved a study of; (a) the effect of initial numbers 
of bacteria in milks on the rate of growth of the 
bacteria when the milks were held at farm bulk 
cooling tank temperatures, and (b) the number of 
samples initially acceptable as “Grade A for pasteuri- 
zation” that became unacceptable during storage. 


Ayers, Cook and Clemmer (2) stored raw milks 
of three different grades at 40°F., 50°F., and 60°F. 
From this work the following conclusions were 
drawn: (a) in two samples of approximately the same 
initial bacterial count, the increase after holding was 
not always similar; (b) the milk held at 40°F. showed 
a relatively small increase in numbers after four days 
of holding compared to the milk at 50°F. or 60°F.; 
(c) the milk with a low initial bacteria count (aver- 
age of 4,295 per ml.) showed an average two-fold 
increase after three days of storage and an average 


1Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. This work was sup- 
ported in part by fund. from the United States Steel Corpor- 
ation. 

2The research reported herein was conducted as a part of 
the North Central Regional Research Project NC-3, One Story 
Dairy Barns and Related Structures. 


four-fold increase after four days of holding at 40°F.; 
(d) the milk with an average initial bacteria count 


of 39,082 per ml., when stored at 40°F., showed 
average two-, four-, six- and 27-fold increases after 
one, two, three and four days, respectively; (e) the 
milk with an average initial bacteria count of 136,533 
per ml., when stored at 40°F., showed average two-, 
five- and six-fold increases after two, three and four 
days, respectively; (f) seventy-two hours of storage 
at 50°F. and 48 hours of storage at 60°F. were re- 
quired to produce counts in high quality milk com- 
parable to those in low quality milk after 24 hours 
of incubation at the same temperatures, and (g) the 
milk showed a high bacteria count when held at a 
high (60° 'F.) temperature for a prolonged period of 
time even if the orginal count was low. 

Marth, Hunter and Frazier (6) reported that when 
milk with a low initial bacterial count (average of 
4,700 per ml.) entered a farm bulk cooling tank for 
storage until picked up every other day, its standard 
and psychrophilic plate counts sometimes showed 
increases between the entry of milks from the second 
and fourth milking. Hunter (3) showed that these 
increases in the standard plate count of individual 


samples were two-fold and in the psychrophilic plate 


count were two-, three- and nine-fold. 
METHODS 


Sources of milk 

Milk for these experiments came from one Univer- 
sity and three private farms in the Madison area ex- 
cept milks held at 38°F. which came from two Uni- 
versity and six private farms and milks held at 45°F. 
which came from three private and two University 
farms. All of the farms chosen, except two of those 


used in the 38°F. storage experiments and one of 


those used in the 45°F. storage experiments, utilized 
a pipeline milker in the production of milk. Six of 
these farms and one private farm used bucket-type 
milkers in their production procedure. A brief des- 
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TasLe 1 — Tue Errecr or OnicrvaL Numbers or Bacrerta In Raw Storep At 36°F. On oF SAMPLES 
SHowrnc Increases IN Counts AND ON AVERAGE INCREASES 


3 Days* 4 Days 
No. of No. of 
SPC/ml. samples samples 
of original No. of Counting showing Average showing Average 
mi samples method increases increases increases ifcreases 
1,600 to SPC» = 2 21,500X 
50,000 14 
PPCe 3x4 5 17,000X 
51,000 to SPC 0 
62,000 2 
PPC 


= 1 6X 


>SPC = standard plate count. 
ePPC = psychrophilic plate count. 
43X = Three-fold increase over original number. 


cription of the milk production methods on the farms 
will be found in another paper (4). 
Storage of milks 

Milks in these experiments were ova! for four 
days at 36°F., 38°F., 38°F. with periodic increases 
to 45°F., 38°F. with periodic increases to 50°F., and 
45°F. as previously described by Marth and Frazier 
(4). Numbers of bacteria in the milk were determined 
before storage and after each of four days of storage 
by means of the standard plate count (SPC) and 
psychrophilic plate count (PPC) (1). 


RESULTS 


Storage at 36° F. 


The effect of orginal numbers of bacteria in raw 
milks stored at 36°F. on numbers of samples showing 
increases in bacterial counts and on average incteases 
is summarized in Table 1. A three-fold increase in 
numbers of bacteria over those present originally in 
the milk was considered as evidence of growth and 
hence significant in all of the results reported. 

Unfortunately most of the milk samples obtained 
for storage at 36°F. had fewer than 50,000 bacteria 
per ml. The results showed that all samples, regard- 
less of original numbers of bacteria, showed no signi- 
ficant increase én numbers in the first two days and 
only one sample out of 16 showed a three-fold in- 
crease after three.days. The large increases in num- 
bers of bacteria during the fourth day indicate that 
even-storage of low count milks at as low a tempera- 
ture as 36°F. for four days might be unsuccessful. 
Storage at 38°F. 

The effect of orginal numbers of bacteria in raw 


, “8No samples showed a 3X or greater increase in numbers of bacteria after one and two days of holding. 
94), 


milks stored at 38°F., a temperature commonly used in 
farm bulk cooling tanks, on numbers of samples show- 
ing increases in bacterial counts and on average in- 
creases is summarized in Table 2. Results with milks 
held at 38°F., but warmed periodically to 45°F. or 
50°F., are included here because they did not differ 
appreciably from those obtained when the milk 
was held at 38°F. 


The results show that average increases in num- 


bers of bacteria in milk samples showing growth dur- 
ing the first two days of storage were similar for 
both lower count and higher count milks, but that 
by the end of the third day increases were consider- 
ably more rapid in the low count milks. By the fourth 
day psychrophiles were multiplying at an increased 
rate in the poor milks. It should be noted, however, 
that only a tenth of the low count milks showed any 
significant growth by the SPC method after two days, 
but about one-sixth of the high count milks showed 
growth. After three days only 16 per cent of the low 
count milks exhibited increases by the SPC method, 
but about 38 per cent of the high count samples 
showed appreciable growth. After four days, too, a 
lower percentage (36 per cent) of the low count 
samples showed growth than of the high count sam- 
ples (69 per cent). These results indicate, then, that 
there is a greater likelihood of appreciable growth of 
bacteria taking place in milk with over 50,000 bacteria 
per ml. initally than in milk with lower counts, How- 
ever, occasional samples of either low or high count 
milk may undergo storage for two, three or even four 
days at 38°F: without appreciable increase in num- 
bers of bacteria. ; 
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Storage at 45°F. 

The effect of orginal numbers of bacteria in raw 
milks stored at 45°F. on numbers of samples showing 
increases in bacterial counts and on average increases 
is summarized in Table 3. 

Although fewer samples of low count milk than 
of high count milk showed growth diring the first 
day, those that gave increases had.a rapid rate of 
growth, faster than in the high count samples. Growth 
was still more rapid by the end of two days. Three 
and four days are obviously too long a holding period 
at 45°F. The results suggest that even a two day 
holding period at 45°F. for good milk is risky. 

Results obtained when raw milks were held at 
36°F., 38°F., or 45°F. indicated that: (a) appreciable 
growth is more likely to occur in milk samples orgin- 
ally containing over 50,000 bacteria per ml. than in 
milks with less than that number; (b) some samples, 
both high and low count, show little increase in num- 
bers in the first two days or even after longer periods 
at the two lower temperatures; (c) in those low count 
samples in which growth took place the psychrophiles 
usually grew faster than in milks with higher counts; 
and (d) 36°F. is to be recommended as a temperature 
for milk in farm bulk cooling tanks, 38°F. should be 
fairly successful but permits more rapid bacterial 
growth, and 45°F. is definitely too high a temperature. 
Acceptability of stored milks 

The number and percentage of initially acceptable 
milks that became unacceptable as “Grade A for 
pasteurization as delivered from the farm” after 
one, two, three and four days of storage at cooling 
temperatures are summarized in Table 4. 
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At 36°F. none of 16 samples became unacceptable, 
even through four days of storage. It should be noted 
that 14 of the 16 samples had original counts of less - 
than 50,000. 

Most of the samples held at 38°F. were all right 
after two days and 42 of the 52 were acceptable 
after four days. This was despite the fact that original 
counts on many of these samples were not far below 
the 200,000 per ml. level. Milks stored at 38°F. but 
periodically raised to 45°F. or 50°F. kept as well 
as those held at 38°F. The slightly better results with 
the milks undergoing rises in temverature probably 
are because of generally lower Original numbers of 
bacteria in those samples. 

As was to be expected, poorest results were obtained 
by storage at 45°F. where 25 percent of the samovles 
were unacceptable within a day and 65 per cent with- — 
in three days. 


Discussion 


It is evident from the results that the acceptability 
of milk as Grade A for pasteurization after storage 
in a farm bulk cooler will depend upon; (a) the 
original number of bacteria in the milk as it affects 
the number of bacteria that must be added to exceed 
the 200,000 per ml. limit, and (b) the rate of growth 
of bacteria in the milk at the storage temperature.. 
The results have indicated that high count milk sam-, 
ples are more likely to support growth of low tem- 
perature bacteria than low count samples, yet at 38°F. 
or above certain samples of either high or low count, 
milk may show appreciable basterial growth within 


TaBLe 2 — Tue Errect or OnicinaL Numpers or Bacrerta In Raw Storep At 38°F.4 On NuMBER OF SAMPLES’ 
SHowrnc IncrEAsEs IN BACTERIAL Counts AND ON AVERAGE INCREASES 


1 Day 2 Days 3 Days 4 Days saerh 
No. of No. of No. of . No. of 
SPC /ml. samples samples samples samples 
of original No. of Counting showing Average showing Average showing Average showing Average 
mi samples method increases increases increases increases increases increases increases increases 
SPC» 3 5x4 5 19X pr. & 390X 19 641X 
940 to 58 
50,000 PPCe 1 4X 4 11 472X 27 262X 
SPC 2 5X 6 19X 13 60X 22 338X 
50,000 to 31 
2,100,000 PPC 5 4X 9 26X 18 92X . 24 325X 


®Includes samples held at 38° F. and raised periodically to 45° F. or 50° F 


>SPC = standard plate count. 
¢PPC = psychrophilic plate count. 
45X = Five-fold increase over original number. 
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Taste 3 — THe Errect or OrnicrvaL Numpers or Bacteria IN Raw Storep At 45° F. On NuMBER OF SAMPLES 
SHow1nc Increases IN BacrertaL Counts AND ON AVERAGE INCREASES 


1 Day . 2 Days 3 Days 4 Days 
No. of No. of No. of No. of 
SPC /ml. samples samples samples samples 
of original No. of Counting showing Average showing Average Showing Average showing Average 
mil pl th increases increases increases incréases increases increases increases increases 
SPC# 3 153Xe 8 4,093X 10 10,941X 15 10,435X 
1,600 to 16 
50,000 PPC» 6 136X 10 6,120X 13 10,808X 16 15,283X 
SPC 4 7™ 4 55X 7 104X 7 261X 
50,000 to 7 
760,000 PPC 6 6X 7 70X 7 165X 7 431X 


“SPC = standard plate count. 
>PPC = psychrophilic plate count. 
€153X = 153-fold increase over original number. 


two days. The explanation must be, of course, that 
these certain samples contain special kinds of psychro- 
philes that are able to grow fairly well at the storage 
temperature, while the other samples are without 
these actively growing psychrophiles or contain them 
in very small numbers. The assumption must be made 
that occasional samples of milk, both those of high 
and those of low counts, will contain appreciable 
numbers of psychrophiles able to grow actively at 
38°F. or above. Therefore there is some risk involved 
in storage of milks for more than two days of these 
temperatures. Kinds of psychrophiles from milks 
stored at farm tank cooler temperatures will be dis- 
cussed in a later paper (5). 

_ As has been mentioned in the preceding paper (4), 
it should be kept in mind that in these experiments 


a sample of milk was held at its storage temperature 
for four days, but in practice a new milking would 
enter the tanks every 10 to 12 hours, reducing the 
bacterial count if it were low count milk. This would 
tend to lengthen the possible storage time. The so- 
called germicidal power of raw milk probably had 
little, if any, effect on the results because the psychro- 
philes are, in general, little affected. 


SUMMARY 


Raw milk samples of two bacteriological groups 
(under 50,000 bacteria per ml. and over 50,000 bac- 
teria per ml.) were obtained from six farms that 
employed pipeline milkers and from two farms that 
cmployed bucket-type milking machines in_ their 


Taste 4 — Tae Numser AND PERCENTAGE OF INITIALLY ACCEPTABLE MiLks THAT BecAME UNACCEPTABLE As “Grape A For 
PasTEuRIzATION As DetivereD From THe FARM” AFTER OnE, Two, Taree’ ANp Four Days or Storace At TEM- 


PERATURES 
; No. of samples Samples with bacteria count of >200,000/ml. after storage* 
with initial 
Symi 1 Day 2 Days 3 Days 4 Days 
(°F.) (No.) (%) (No.) (%) (No.) (%) (No.) (%) 
36 16 0 0.00 0 0.00 0 0.00 0 0.00 
38 52 1 1.95 5 9.60 9 17.30 10 19.50 
38/45» 18 0 0.00 2 11.11 3 16.68 7 38.92 
38/50¢ 10 2 20.00 2 20.00 2 20.00 5 50.00 
45 20 5 25.00 6 | 30.00 13 65.00 14 70.00 
“Based on standard plate count. 
>Milk stored at 38° F. except when periodically warmed to 45° F. 
¢Milk stored at 38° F. except when periodically warmed to 50° F 
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production procedures. These milk samples were 
stored at 36°F., 38°F., 38°F. with periodic raises to 
45°F., 38°F., with periodic raises to 50°F., and 
45°F, 

Milk samples, most of which contained less than 
50,000 bacteria per ml., showed comparatively little 
growth after three days at 36°F., but rapid growth 
in some samples had begun by the end of the four 
days. 

Results at 38°F. were similar to thoes at 38°F. with 
periodic raises to 45°F. or 50°F. All of the results 
indicated that average rates of increase in numbers 
of bacteria in milk samples showing growth during 
the first two days of storage were similar for both 
lower and higher count milks. However, a smaller 
percentage of the milk samples with low counts than 
of those with high counts showed appreciable growth 
of bacteria after two, three and four days at 38°F. 
Some samples of either low or high count milk may 
undergo storage for two, three or even four days at 
38°F. without appreciable increase in numbers of 
bacteria. 

Storage at 45°F. produced rapid growth of bacteria, 
faster usually in the low count milk than in the high 
count. Apparently a two-day holding period at 45°F. 
would be risky. 

At all storage temperatures appreciable growth is 
more likely to occur and to happen earlier in milk 
samples orginally containing over 50,000 bacteria 
per ml. than in milks with lower numbers. 

Growth of psychrophiles usually was more rapid 
especially after two days in the lower count milks than 
in the higher count ones. 

When tests were made on milks that orginally were 
acceptable as “Grade A for pasteurization as delivered 
from the farm” to see how long they would remain 
acceptable at the various storage temperatures, it was 
found that: (a) all samples tested remained accept- 
able for four days at 36°F.; (b) most samples held 
at 38°F. remained acceptable after two days and 


four-fifths of them after four days; (c).milks stored 
at 38°F. but periodically raised to 45°F. or 50°F. 
kept as well as those held at 38°F.; and (d) poorest 
results were obtained by storage at 45°F. where 25 
per cent of the samples were unacceptable within a 
day and 65 per cent within three days. 

Of the storage temperatures tried, 36°F. was best 
for storage for two days, 38°F. was fairly good and 
45°F. was unsatisfactory. The results suggested that 
very good milk could be held for three or four days 
at 36°F. without significant increases in numbers of 
bacteria. 
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VIRUCIDAL ACTIVITY OF HYPOCHLORITES, QUATERNARY AMMONIUM 
COMPOUNDS, AND IODOPHORS AGAINST BACTERIOPHAGE. OF 
STREPTOCOCCUS CREMORIS' 


Spracue H. Warxtns?, Heten Hays anv P. R. 
Oregon Agricultural Experiment Station, Corvallis \ 
(Received for publication December 7, 1956) 


Recent introduction of iodophors as sanitizing agents 
for the dairy industry has occasioned interest in their 
ability to destroy bacteriophage (virucidal activity). 
‘A number of studies have shown the iodophors to 
represent effective germicidal agents against a variety 
of nonsporeforming bacteria (4, 5, 9, 10, 11). How- 
ever, there have been no reports on the activity of 
iodophors with respect to destruction of bacteriophage 
(phage). 

Hypochtorites in a concentration of 50 ppm and 
quaternarivs at 200 ppm have been shown to inacti- 
vate Streptococcus cremoris phage in 15 seconds (12). 
Similar results were obtained in a subsequent study 
(3) using essentially the same techniques. Since phage 
destructicy represents an important consideration in 
present day sanitization of dairy plants, it was con- 
sidered desirable to compare the ability of iodophors, 
hypochlorites, and quaternaries to destroy represen- 
tative strains active against lactic streptococci used 
in starter cultures. 


EXPERIMENTAL 


S. cremoris phage strain 144F was employed in the 
virucidal trials as a phage representative of those in- 
fecting sturter cultures. This particular strain showed 
somewhat greater resistance to germicides than others 
tested in preliminary studies. The virucides selected 
were typical of those employed in general dairy and 
food plant sanitizing procedures. The quaternary was 
alkyl dimethyl ethyl benzyl ammonium chloride, the 
iodophor was a liquid preparation containing approxi- 
mately 10 per cent iodine solubilized in 85 per cent 
nonionic wetting agent, and the hypochlorite was 
sodium hypochlorite. 


Quaternary concentrations were determined by the 
Furlong and Elliker method (7). The iodophor was 
titrated to a colorless endpoint with standard thiosul- 
fate The standard thiosulfate titration (2) for deter- 


1Technical Paper No. 1009, Oregon Agricultural Experiment 
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mining available chlorine was used for the sodium 
hypochlcrite. Virucide solutions were buffered at pH 
5.0 with M/100 acetate-acetic acid and at pH 8.0 and 
9.0 with borate-boric acid. 


The technique for evaluating bactericidal activity 
was similar to that used by Parker and Elliker (12) 
with the following modifications: Thirty-ml capacity, 
wide-mouth, screw cap bottles were substituted for 
test tubes. Thiosulfate inactivator solutions for the 
iodophor and hypochlorite and lecithin-tween 80 in- 
activator solutions for the quaternary were prepared 
in M/100 phosphate buffer at pH 7.1. The medium 
used to cultivate the sensitive host and for plaquing 
procedures represented a type developed especially for 


lactic streptococci (6). 
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Whey filtrates of a phage strain of S. cremoris, desig- 
nated as 144F were prepared in the manner described!’ 
by Parker and Elliker (12) with the following varia- 
tions: The artificially coagulated milk containing pro- 
pagated phage was clarified by centrifugation rather 
than filtration through cheese cloth. The. resulting 
clear filtrate was passed through a Seitz filter and the 
cell free filtrate was transferred to a sterile bottle 
containing an excess of CaCO; to neutralize whey 
acidity. A 1:100 dilution of this filtrate in distilled 
water was used for virucidal trials. 

The following plaquing procedure was oan 
to determine the numbers of phage surviving viruci- 
dal treatment: A 1-ml. aliquot from an inactivator tube 
or appropriate dilution blank was transferred to a test 
tube containing 0.25 ml. of a 5-hour old broth culture 
of the sensitive host. After 1 minute, 3 ml. of a semi- 
solid (0.85%) agar, cooled to 45°C. were poured into 
the host-phage mixture. The contents were mixed by 
rotating the tube and then pouring into a petri dish 
containing approximately 20 ml. of hardened solid 
agar. After incubation of the plates at 30°C. for 12 
hours the plaques were fully developed and countable. 


RESULTS 


Table 1 summarizes the results obtained with buf- 
fered solutions of the virucides against phage strain 
144F. Sodium hypochlorite completely inactivated 
phage in 30 seconds at a concentration of 25 ppm 
and in 15 seconds at 50 ppm. The quaternary showed 
a lower rate of virucidal activity than the hypochlorite 
and failed to completely inactivate phage in 380 sec- 
onds at concentrations of 25 and 50 ppm. The iodophor 
was comparatively ineffective against the phage dur- 
ing a 60-second exposure period in concentrations: of 
25 and 50 ppm. 

A series of trials was made to determine the con- 
centration of each virucide required to inactivate 
phage during short exposure periods. Virucides were 
prepared in tap water and were not buffered. As in- 
dicated in Table 2 the quaternary was effective in 
destroying phage in 30 seconds at 100 ppm. A sharp 
increase in virucidal activity occured between 25 and 
50 ppm. The iodophor (Table 3) was ineffective 
against phage in concentrations as high as 200 ppm 
during a 60-second exposure period. There was less 
increase in activity between 10 and 200 ppm than was 
anticipated with the iodophor. The hypochlorite on 
the other hand accomplished complete destruction of 
phage at levels of 12.5 to 100 ppm during a 30-second 
exposure period (Table 4). 


The pH levels obtained on dilution of the iodophor 
were relatively high because of the :law buffering 


TABLE 1 — CoMPARISON or ViruciaL ACTIVITY OF A QUATER- 
NARY AMMONIUM CoMPouND, IopopHoR, AND Soprum Hy- 
POCHLORITE AGarinstT Streptococcus Cremoris PHacr STRAIN 


144F 
‘ Final Plaque count after following 
Virucide Conc. pH exposure times: 
15 sec 30 sec 60 sec 
(ppm) 
Quaternary 25 8.95 174 10 0 
50 8.9 ll 14 0 
Iodophor 25 5.1 Lysed’ Lysed | TCe 
50 5.1 TC TC TC 
Sodium 25 8.1 2 0 0 
hypochlorite 50 8.1 oa 0 0 


Initial count of phage-germicide mixture: 23 x 10® per ml. 
Plaque count after exposure represents number per ml of a 
1:10 dilution of phage-germicide mixture. 

bLysed denotes lysis of all developing bacteria due to ex- 
cessive number of surviving phage. 

°TC denotes plaques too numerous to count but less than 
in lysed plates-- 

40 denotes no plaques on plates, i.e. less than 10 per ml 
remaining in phage-germicide mixture. 


Taste 2 — Vinucman Actrviry or Various CONCENTRATIONS 
OF QuATERNARY AcainsT Streptococcus Cremoris PHacEe STRAIN 
144F Durinc a 30-Seconp Exposure PERIOD 


Final Plaque count* following 

Conc. pH treatment 
(ppm) (No/ml) 

12.5 7.0 110 x 104 

7.15 6 x 104 

50 7.25 6 

100 7.25 0 
200 7.3 2 


aInitial count of phage-germicide mixture: 126 x 10® per 
ml. Plaque count of survivors represents No/ml of a 1:10 
dilution of phage-germicide mixture. 


TaBLeE 3 —-VirrucIDAL Activrry oF Various CONCENTRATIONS 
oF IopopHor Acarnst Streptococcus Cremoris PHace STRAIN 
144F Durinc a 60-SEcoND EXPOsuRE PERIOD 


Final Plaque count* following 

Conc. pH treatment 

‘ (ppm) (No/ml) 
10 7.3 32 x 108 
25 73: 286 x 102 
50 7.25 147 x 10? 
100 7.2 59 x 102 
200 7.0 144 x 102 


‘Initial count of phage-germicide mixture: 153 x 10® per 
ml. Plaque count of survivors represents a. of a Ts :10 
dilution of phage-germicide mixture. 
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capacity of the preparation used. However, at the pH 
level encountered, the iodine should have been more 
virucidal than at pH 5.0. Studies with a highly buf- 
fered iodophor (Table 5) resulted in extremely low 
PH levels at higher concentrations and when the level 
of iodophor reached 100 ppm, rapid destruction of 
phage occurred. Results of subsequent studies, how- 
ever, indicated that this destruction was primarily the 
effect of the low pH rather than virucidal activity of 
the iodophor. 

Other studies have demonstrated aqueous solutions 
of iodine to be more active in destruction of bacterial 
spores than are the same concentrations of iodophors 
(7). Consequently, aqueous solutions of iodine were 
employed at various levels ranging from 10 to 100 
ppm against phage strain 144-F. The aqueous solutions 
showed somewhat greater activity than iodophors 
against phage but did not approach the hypochlorites 
in degree of destruction. 


Studies in this laboratory on nonsporeforming bac- 
teria had shown that iodophors were most germicidal 
at low DH levels and, as the pH increased from 5.0 
to 9.0 in some trials, the rate of destruction was 
markedly lower. Therefore effect of pH on activity of 
both iodophors and aqueous iodine solutions against 
lactic streptococcus phage was investigated at levels 
varying from pH 4.0 to 9.0. With both forms of iodine 
phage destruction was greatest in the range of pH 
7.0 to 9.0, but still did not approximate rate of de- 
struction by hypochlorites. Phage exposed to buffer 
solutions containing no germicide was not destroyed 
during 60 seconds of exposure at pH levels of 5.0 
to 9.0. However, the buffer at pH 4.0 did cause appre- 
ciable phage destruction. Thus phage destruction for 
iodophors was greatest in the alkaline range and at 
pH levels at which the iodophor has been least ef- 
fective against bacteria. At these pH levels only a trace 
of color remained in the iodophor solutions. 

Results of still another study on the pH effect 
demonstrated rapid destruction of phage in buffer so- 
lutions without germicide at pH 2.0 and 3.0, some 
destruction at pH 4.0, comparatively no destruction at 
pH 5.0, 6.0, 7.0, 8.0 and 9.0, and some destruction at 
pH 10.0. 

Similar studies on the pH effect on hypochlorite 
action indicated progressively faster phage destruction 
as the pH decreased from 9.0 to 4.4. The order of in- 
creased activity with lowering of pH was similar to 
that obtained in other studies with hypochlorites on 
bacterial spores and nonsporeforming bacteria, Acti- 
vity of the quaternary against phage was greatest in 
the range of pH 7.0 to 9.0 used for comparative trials 
of the different germicides in these studies. 

An interesting effect on plaque formation was ob- 
served in the case of phage surviving iodophor treat- 


TaBLe 4 — Vimucmat Activity oF VARIOUS CONCENTRATIONS 
or Soprum Hypocuiorire Acarinst Streptococcus Cremoris 
Puace Strain 144F Durinc a 30-Seconp Exposure PrEriop 


Conc, Final pH Plaque count 
(ppm) (No/ml) 
12.5 8.3 Oa 
25 8.7 0 
50 8.9 0 

100 9.2 0 


aJnitial count of phage-germicide mixture: 140 x 105/ml. 
Plaque count of survivors represents No/ml of a 1:10 dilution 
of phage-germicide mixture. 


TasLe 5 — Virucmat Activity oF Various CONCENTRATIONS 
OF AN AcipiIFIED IopoPpHOR AGAINST Streptococcus Cremoris 
PuHaceE STRAIN 144F 


Plaque count* after exposure for: 


Conc. Final pH _ 30 sec 60 sec 120 sec 
(ppm) (No/ml) (No/ml)  (No/ml) 
10 74 50x 108 30x108 15x 108 
25 6.8 31x 103 £468 x 102 
50 5.6 105 x 108 §=39 x 103 105 x 10? 
100 2.9 0 ; 0 0 
200 2.3 0 0 0 


Initial count of phage-germicide mixture: 130 x 105/ml. 
Plaque count of survivors represents No/ml of a 1:10 dilution 
of phage-germicide mixture. 


ment. Many of the plaques formed from phage that 
survived exposure to iodophor were smaller in size 
than normal. This effect was not observed with the 
other germicides. A number of the small plaques were 
picked and the phage subcultured to determine 
whether or not it represented a different genetic type. 
However, the subcultured phage always gave rise to 
normal size plaques. This suggested that treatment 
with the iodophor either caused a slight denaturization 
of the phage or perhaps the iodophor adsorbed suf- 
ficiently onto the phage particle to partially inhibit its 
development in plaques on the agar plates. 


Discussion 


The marked difference in bactericidal and virucidal 
activity of the three types“of germicides studied here 
suggests important differences in mode of action 
against microorganisms in general. The hypochlorites 
appear to be the least selective since they rapidly de- 
stroy nonsporeforming types and bacteriophage, and 
are the most active of the three germicides against re- 
sistant bacterial spores. The quaternaries are highly 
selective against nonsporeforming types, dependent to 


» 
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a considerable degree on pH (13), and are compara- 
tively slow against spores (7) and phage. The slower 
activity of quaternaries and iodophors against phage 
and bacterial spores suggests the possibility that these 
compounds encounter difficulty in penetrating bac- 
terial spores and phage fast enough to rapidly inacti- 
vate them. Whether the spore coat and outer shell of 
the phage particle provide such a selective barrier for 
quaternaries and iodophors has not been established. 

Differences in mode of action for the germicides 
studied here are suggested further by the high bac- 
teriostatic activity of quaternaries against vegetative 
cells of sporeforming species and other gram positive 
types, and, in the case of iodophors, by their high rate 
of destruction of most nonsporeforming bacteria. 

The hypochlorite used in this study demonstrated 
virucidal activity comparable to destruction exhibited 
against bacterial cells. Sodium hypochlorite was effec- 


tive in very low concentrations and in short time in- ~ 


tervals. Higher concentrations of germicide and longer 
exposure periods were required for phage inactivation 
with the quaternary than with the hypochlorite as 
anticipated on the basis of earlier studies (12). The 
virucidal activity of the iodophor, however, was_sur- 
prisingly different than its bactericidal activity. Con- 
trol studies on bacterial destruction made along with 
phage runs showed that concentrations of iodophor 
which’ completely inactivated bacterial cells were re- 
latively ineffective against phage. The fact that the 
aqueous iodine solutions proved somewhat superior 
to the iodophor suggests the ‘possibility that reaction 
between the iodine and nonionic wetting agent carrier 
retarded the attainment of a virucidal concentration 
of free iodine in solution. Allawala, Naseem and Rie- 
gelman (1) have discussed these reactions in a recent 
publication. 

The superiority of the hypochlorite under the ex- 
perimental conditions employed in this,study and par- 
ticularly its ability to destroy phage in very low con- 
centrations during short time intervals recommends 
its use in sanitizing steps for phage control in dairy 
plants and possibly other food or industrial fermen- 
tations where phage represents a problem. 


SUMMARY AND CONCLUSIONS 


A comparison was made under laboratory con- 


ditions of the relative effectiveness of representative 
hypochlorite, quaternary and iodophor germicides in 
destruction of a lactic streptococcus bacteriophage. 
Factors affecting activity of the three germicides 
against bacteriophage also were studied. 

Sodium hypochlorite completely inactivated phage 
of S. cremoris in concentrations as low as 12.5 ppm 
during a 30-second time interval. A concentration of 
100 ppm quaternary was required to provide the same 
degree of activity. The ‘iodophor was ineffective 
against the phage in concentrations as high as 200 
ppm during a 60-second time interval. | 

The results suggest that an active hypochlorite: we 
paration should provide the most effective ‘agent for 
sanitizing procedures for control of beeteniny in 
plants. 
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SERIOUS LAG IN SANITATION 
SALARIES REPORTED 


Problems of recruitment of qualified engineers and 
sanitarians by local health departments are reflected 
in the first of five reports by the Committee on Sal- 
aries of the Conference of Municipal Public Health 
Engineers. 

Failure of health departments by substantial mar- 
gins to pay the going price for competent personnel 
in environmental health services is resulting in a 
growing shortage, especially of engineers. 

The Committee surveyed the salaries of engineers, 
sanitarians, sanitary inspectors, veterinarians, and 
other environmental health personnel in 371 full- 
time local health departments. In its report are shown 
the rise in salary levels from 1951 to.1956. 

According to the report, salaries have been rising 
steadily at rates varying from 5 to 13 percent each 


year, but they fail.to match those paid in similar 


professional categories outside of health departments. 
Salaries for engineers are’ well below those paid 
to other members of the profession. In 1952-54, the 
median salary was $1,000 below the median for 
conuty and muncipal engineers and $2,400 below the 
median for all engineers. Under the circumstances, 
the number of vacant engineering positions in local 
health departments is increasing rapidly. 

Starting salaries.in local health agencies for en- 
gineers with no experience in 1956 ranged from $4,250 


to $4,650. The same year engineering schools reported 


a median starting salary of $5,040 and predicted that 
their 1957 graduates will expect around $5,250. In 
addition to paying higher salaries, private employers 
tell the young engineer that his interview and moving 
expenses will be paid, that he will receive an annual 
bonus, overtime. pay and: and _ hospital 

While top salaries for sanitarians haa been rising 
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more rapidly since 1954 than for any other salary 
group, the median salary since 1952 has been $2,000 
or more below thiat of engineers in local health de- 
partments and approximately $750 below the median 
salary paid to male professional and technical workers 
in the United States. 

Seven. percent of the sanitarian positions studied 
were vacant. One-third of these were available to 
college graduates with no experience, offering a 
starting salary of $4,479. vacant positions for sanitar- 
ians offer higher salaries than filled ones. Among 675 
filled positions with the same requirements, the medi- 
an starting salary was $4,347. 

Members of the reporting Committee are: Walter 
A. Lyon, chairman, William T. Ballard, Herbert J. 
Dunsmore, Reinhart W. Koch, John W. Lemon, Eric 
W. Mood, Louis W. Pickles, Jack C. Rogers, and Les- 
ter A. Sanger. 

Copies of the report may be obtained by writing 
to Walter A. Lyon, Philadelphia Department of Public 
Health, Room 630, City Hall Annex, Philadelphia 7, 


NEW KLENZADE SAN-SPRAY 
FOR SANITIZING BULK TANKS 


Klenzade Products, Inc., Beloit, Wisconsin, announ- 
ces a new injector type spray unit for sanitizing farm 
bulk tanks and udder wash water in milking parlors. 
The unit, called “San-Spray”, consists of a molded ny- 
lon feeding and proportioning jet, and container for 
holding Klenzade X-4, XY-12, Iodophor or Klenzade 
KDS-3. The spray nozzle and jet feeder assembly is 
attached to a regular garden hose connected with the 
water supply. Proportioning is done by the jet which 
feeds the sanitizing solution to the stream emitted by 
the spray nozzle. The unit also has a small valve which 
shows “on” and “off”. When the valve is in the “off” 
position, only water is dispensed. When the valve is 
in the “on” position, the proper amount of sanitizer- is 
added to the water stream. Klenzade San-Spray needs 
no adjusting and is always ready for use. The con- 
tainer holds one pint of concentrated sanitizing so- 
lution which will make up to the equivalent of 32 
gallons of sanitizing solution. Feature of this equip- 
ment is its low cost, simplicity and versatility. It saves 
both time and sanitizing products because an entire 
bulk tank can quickly be sanitized in a minute or 


two. The San-Spray unit need not be disconnected — 


from day to day but can remain permanently attached 
to the water supply line for immediate use at any 
time. Retail price of the proportioning unit only cur- 
rently is quoted at $14.50 list and $22.95 list for the 
complete assembly including 15 feet of rubber hose 
and spray nozzle, 
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NEW BOOK ON 
DAIRY MICROBIOLOGY PUBLISHED 

Five dairy bacteriologists have teamed up to write 
a new book, Dairy Microbiology, published by Pren- 
tice-Hall, Inc., Inglewood Cliffs, New Jersey. 

Prepared as an interpretive source of information 
for students, sanitarians, dairy fieldmen, laboratory 
technicians, and others in the dairy industry, this book 
is concerned with the microbiology of milk and daity 
products. Important characteristics of organisms found 
in dairy products are cataloged, and their pertinence 
to dairy processing presented. . 

Factors influencing growth and death of micro- 
organisms are discussed in detail. Sources of contami- 
nation are then considered, as well as the applications 
of microbiology to specific dairy products. 

The first six chapters emphasize the application of 
well-known facts in the science of microbiology to the 
various pertinent phases of the dairy industry. The 
main dairy organisms are described, first according 
to their classical taxonomic arrangement and then 
according to the physiological groupings in which the 
various organisms that prodtice the same changes in 
milk are placed together. 

The authors deal with the factors affecting the 
growth of microorganisms, stressing the means of pre- 
venting growth where it is unwanted and of stimulat- 
ing it where it is desired. They discuss in considerable 
detail the physical and chemical methods of killing 
microorganisms in milk and on dairy equipment. 
General directions for examining dairy products for 
microorganisms are given, with explanations of under- 
lying principles. 

The organisms, important to the dairy field, are 
covered in a logical manner starting with their classi- 
fication and going on to their biological properties and 
finally their influence on technology of various pro- 
ducts. 

Sanitarians and fieldmen should find the chapters 
on destruction of microorganisms, sources of micro- 
organisms in milk, and the microbiology of market milk 
of particular interest. 

In recognition of the growing problem of waste 
disposal and the utilization of dairy by-products, the 
closing chapter discusses these subjects extensively. 
The utilization of dairy by-products promises to be an 
area of considerable economic importance and there- 
fore deserves special emphasis. 

Pictorial, graphic and tabular illustrations are given 
throughout the book. 

The authors are: Dr. E. M. Foster, Professor of 
Bacteriology, University of Wisconsin: Dr. F. E. 
Netson, Professor of Dairy Bacteriology, Iowa State 
College; Dr. M. L. Speck, Professor of Dairy Bac- 
teriology, North Carolina State College; Dr. R. N. 


if 
e 
I. 


Doetscu, Associate Professor of Bacteriology, Uni- 
versity of Maryland; and Dr. J. C. Orson, Jr., Pro- 
fessor of Dairy Bacteriology, University of Minnesota. 


SOUTHERN REGIONAL GRADUATE SUMMER 
SESSIONS IN STATISTICS 


The fourth Southern Regional Graduate Summer 
Session in Statistics will be held during the summer of 
1957 from June 12 through July 20 at the Virginia 
Polytechnic Institute, Blacksburg, Virginia. The three 
previous sessions were held at the Virginia Polytechnic 
Institute, the University of Florida, and North Carolina 
State College in that order. In 1958, the summer ses- 
sion will be held at Oklahoma Agricultural and 
Mechanical College. Students who attended past 
sessions came from all of the forty-eight states, South 
America, India, Finland, Canada, Australia, Hawaii, 
China, the Philippines, and Africa. The enrollment 
at each of these sessions has exceeded one hundred 
graduate students. 

The summer sessions are designed to carry out a 
recommendation of the Southern Regional Education 
Board’s Committee on Statistics, on which the four 
institutions mitiating the program are represented.- The 
sessions will be of particular interest to (1) research 
and professional workers who want intensive instruc- 
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STABILITY 
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tion in basic statistical concepts and who wish to Jearn 
modern statistical methodology, (2) teachers of ele- 
mentary statistical courses who want some formal 
training in modern statistics, (3) prospective candi- 
dates for graduate degrees in statistics, (4) graduate 
students in other fields who desire supporting work 
in statistics, and (5) professional statisticans who wish 
to keep informed of advanced specialized theory and 
methods, 

Each annual summer session lasts six weeks and 
each course offered carries approximately five quarter 
hours of graduate credit. The program may be en- 
tered at any session, and consecutive courses will be 
offered in successive summers. The summer work in 
statistics may be applied towards residence require- 
ments at any one of the cooperating institutions, as 
well as certain other institutions, in partial fulfillment 
of residence requirements for graduate degrees. 

The faculty for the 1957 session at the Virginia Poly- 
technic Institute will include Evan J. Williams, Prin- 
cipal Research Officer, Commonwealth Scientific and 
Research Organization, Division of Mathematical 
Statistics, Melbourne, Australia; Daniel B. DeLury, 
Director of Statistics, Ontario Research Foundation, 
Toronto, Canada; J. L. McHugh, Director, Virginia 
Fisheries Laboratories; and the following staff mem- 
bers from the Virginia Polytechnic Institute: Willard 
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O. Ash, L. S. Brenna, Ralph A. Bradley, C. W. Clunies- 
Ross, John E. Freund, Rudolf J. Freund, Boyd Harsh- 
barger, Clyde Y. Kramer, and R. Lowell Wine. 

Of particular interest at this summer session will 
be the lectures by D. B. DeLury on the Sampling of 
Biological Populations. This course will concern itself 
with the study of statistics of biological populations 
with specific reference to marine research. It will 
include some of the more recent research in this 
field by Dr. DeLury, and it will be accompanied by 
a laboratory conducted by J. L. McHugh dealing with 
problems, exercises, and discussions.. E. J. Williams 
will give a course on the Analysis of Variance from 
the regression point of view with generalizations to 
multivariate analysis. Much of his lectures will deal 
with new material that he is now putting in book 
form. R. A. Bradley will be giving a course on Rank 
Order Statistics and will include some of the more 
recent research that he has published or is in the 
process of publishing in this field. J. E. Freund will 
give a course in Stochastic Processes, with particular 
reference to engineering applications. He will present 
many of the more recent advances in this field as 


T. Ingram 
J ana 

Professor of Public 
Health Engineering, New 

York University. 


COMPLETELY SATISFACTORY SINGLE-SERVICE UTENSILS 


well as his own research. The other graduate courses 
will include: Probability by C. W. Clunies-Ross, Sta- 
tistical Inference by W. O. Ash, Theory of Least 
Squares by R. L. Wine, Statistical Methods by C. Y. 
Kramer, Engineering Statistics by L. S. Brenna, and 
Sampling by R. J. Freund. Seminars which will in- 
clude many of the foremost statisticians in the eastern 
part of the United States, will be conducted each after- 
noon Monday through Thursday from 3:00 to 4:30. 
These seminars will be on some of the more recent 
research now being carried on in the field of statistics. 


The total tuition fee will be $38.00 for the six-week 
term. Doctoral courtesy will be offered to those hold- 
ing doctoral degrees. Living and other expenses at the 
Virginia Polytechnic Institute ar2 reasonable. The Vir- 
ginia Polytechnic Institute is located at Blacksburg, 
Virginia on the scenic Alleghany Mountain plateau 
2100 feet above sea level. The summer climate is de- 


lightful. 


Inquiries should be addressed to Boyd Harshbarger, 
Head, Department of Statistics, Virginia Polytechnic 
Institute, Blacksburg, Virginia. 


The smoothness of a disposable 
spoon becomes important in the 
light of a recent study* which re- 
veals that a spoon is put into the 
mouth 10 to 60 times while a per- 
son is eating an average portion of 
ice cream, 40 to 60 times while eat- 
ing a piece of pie. No other utensils 
’ are put into such frequent contact 
with mouth membranes. This 
study proved that OWD Rite- 
spoon will not scratch nor cut. 
Microphotographs show that 
OWD Ritespoons are the smooth- 
est of all those examined. There 
are no sharp, jagged and splintered 
edges. Pressures exerted while eat- 
ing with an OWD Ritespoon will not bruise nor cut 
the gums, nor will fragments of the utensil be i in- 
gested with food. 


We will gladly send you samples, literature. 
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PIPELINE CHATTER 


Mr. H. L. Thomasson, Executive Secretary 
International Association of Milk & 
Food Sanitarians 
P. O. Box 487 
Shelbyville, Indiana 
Dear “Red”:. 

I wrote you sometime ago that I ennai that I 
would be leaving the United States for an appoint- 
ment in India. Now, I guess, it is official. At any rate, 


I have turned in my resignation and there has been 


no indication that the resignation was not accepted. 

I will be leaving Fairmont Foods Company the 
8th of February, and will report in Washington the 
18th of February for an indoctrination ‘course, which 
I am told lasts about three weeks. After that I will 
be given transportation tickets and a passport and 
sent on my way. The position, as I indicated to you 
in my previous letter, is that of Dairy Technology 
Advisor to work with the officials of India in the 
development of the dairy industry in that country. 
It sounds like a real challenging position, and it 
should be interesting. 

I would appreciate very much if you would change 


my subscription address to The Amarican Embassy, 
(I. C. A.), .New Delhi, India. I will enclose my. 


check for dues. 
Yours very truly, 
H. L. Templeton 


OAKITE ANNOUNCES NEW ASSIGNMENTS 
FOR SERVICE REPRESENTATIVES 


Oakite Products, Inc., manufacturers of industrial 
cleaning and sanitizing compounds and equipment, 
have announced the following change in their nation- 
wide technical field service organization. 

B. B. Herron has been transferred from Odessa to 
Beaumont; Horace V. Wells from San Antonio to Cor- 
pus Christi, Texas; and R. W. Krajicek from Billings, 
Montana, to Lake Charles, Louisiana. New represen- 
tatives, all of whom recently completed Oakite’s in- 
tensive eight week training program, are Robert H. 
Bourbonnais, assigned to Lansing, Michigan; Harry 
H. Thomas to Cedar Rapids, Iowa; William C. Caffee 
to Birmingham, Alabama; Andrew C. Johnston ‘to ‘ 
Washington, D. C.; and Theo. L. Matula to San An- 
tonio, Texas. 


Fast-Check H TST. Pasteurizers inh 


L/W COLD MILK INJECTOR 


. . . provides accurate tests with no plant-operation delay or inter- 
ference. Quickly checks Sensitivity of recorder controller and in- 
dicating thermometers, under actual operating conditions. Also checks 
response of flow diversion valve, cut-out and cut-in control of 
recorder, holding time in forward and diverted flow. For further in- 
formation, write L/W DAIRY. SUPPLY DIVISION, 1266 Shelby, 
Indianapolis 3, Ind, 


Have you received your 
free booklet on sanitiz- 
_ ing techniques? 


There are 28 pages crammed 
with valuable field-tested in- 
formation on modern cleaning 
and sanitizing methods in the 
Oakite Dairy Sanitation Man- 
ual. Fully illustrated, plainly in- 
dexed, it’s in convenient poc- 
ket-size and makes a ready ref- 
erence. It’s yours just for the 
asking if you write to Oakite 
Products, Inc., 38C Rector 
Street, New York 6, N.Y. 


Technical Service Representatives Located in 
Principal Cities of United States and Canada 
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40 YEARS... . UNIVERSAL has worked with 
sanitarians to improve milk quality. The stainless steel 
lid is only oneiof.the many features for sanitation. All 
Universal equipment: has many sanitary features, many 
of them exclusive, to make this the outstanding equipment 
for milking sanitation on the market. You can recommend 
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Notice 
Attractive Membership Lapel Button and Decal — 
Now Available 


Convolution — Blue .... Circle & Bar — Silver .... Field — Blue 
Letter “S” — White . . . . Lettering — Blue 


ACTUAL 


Me. 4255 3 1/4” Decals @ 25c each = §.......... 
Lapel Buttons @ $1.00 each = $.......... 
International Association of Milk & Food Sanitarians, Inc. 
Box 437, Shelbyville, Indiana 
Notice 


Every Milk Sanitarian should have a complete set of 


3A Sanitary Standards. DO YOU HAVE YOURS? 


Order Blank on the back of this notice.—Order Now!!! 
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Application for Membership 


INTERNATIONAL ASSOCIATION OF MILK & FOOD 


SANITARIANS, Inc. 
Box 437, Shelbyville, Indiana 


Please Print 
Address O New 
0 Renewal 


Business Affiliation 


Re-instatement 


Annual Dues $5.00 OO Check OO Cash 
(Membership Includes Subscription to Journal of Milk & Food Technology.) 
(Please Print) 
Recommended by 
Box 437 Subscription Order 
Shelbyville, Ind. 
JOURNAL OF MILK & FOOD TECHNOLOGY 
Name Date 
Please Print 
Address 0 New 
0 Renewal 


Educational & Public Libraries (Annually) $4.00. 
Check o 


Individual Non-Member Subscription (Annually) $6.00 
Governmental Agencies, Commercial Organizations 


(Please Print) 
A.M. & J. M. FT. Change of Address 
~ Box 437, Shelbyville, Ind. 
FROM 
Name ______Date 
Please Print 
Address 
TO 
Nome ___ 
as Please Print 
Address 
(Please Print) 
A.M. F.S, & J. M. F. T. Order for 3A Standards 
Box 437, Shelbyville, Ind. 
Name Date 
Please Print 
Address 


( ) Complete Set @ $2.00 —. 


Amt. 


5 Year Service on Standards as Published — 2.50 additional 
Order for Reprints of Articles 
Title 


Schedule of prices for reprints F. O. B. Shelbyville, Indiana 


100 or less 
Add’1. 100’s 


( ) Complete set bound (durable cover) @ $3.75 = 


1 Page 2 Pages - 3 & 4 Pages 6 & 8 Pages 12 P. Cover 
P| ~ $12.50 $15.00 $21.00 $30.00 $50.00 $21.67 
a 1.60 1.60 3.00 4.20 7.00 3.37 
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yes, there is a difference in 
FILTER DISKS 


Of course there’s a difference in filter disks. 
Chances are it’s not a difference you can see . 
like the thickness or the surface of the disk, 
or even the color of the box. 


It’s what you don’t see that makes the real 
difference . . . safe filtration, for instance. 

engineered into every Rapid-Flo Fibre-Bonded 
Filter Disk by Johnson & Johnson. And only 
Rapid-Flo milk filters provide a reliable Rapid-Flo 
Check-up for Mastitis and Extraneous Matter . 
at no extra cost. 
The final proof of this difference in filter disks is 
found on the farms of thousands and thousands 
of quality-minded dairymen who have made 
Rapid-Flo Fibre-Bonded Filter Disks the preferred 
filter disk 2 to 1 over the next four 
brands combined. 


Yes, like all Johnson & Johnson ucts . .-. each 

outstanding in its field . .. Rapid-Flo Fibre-Bonded 

Filter Disks give proven quality and reliable 

saber gays For safe filtration and effective 
pid-Flo Check-ups, always recommend genuine 

Rapid-Flo Fibre-Bonded Filter Disks. 
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Each black dot on the map represents a dairy that has standardized on a 100% Pure-Pak operation 


Every week another dairy takes advantage of 
the many benefits of standardized operation! 


Visit one of the 100% Pure-Pak equipped dairies near you and see 
the many advantages of packaging all your milk this modern way. 


Only complete line of cartons: 
Pure-Pak is the only paper milk carton that is 
available in all sizes from 1% pint through 
gallon. 


Only you know when the time is right for your dairy to consider 
“standardization.” We do find, however, that the decision to 
expand the use of Pure-Pak in the interest of maximum plant 
efficiency and economy is being given more favorable consideration 
today then ever before. 

Every month, we find that more and more dairies go Pure-Pak 
all the way! Today, you’ll find milk in Pure-Pak in all the 48 states 
and in 22 foreign countries—a total of over 8 billion cartons a year. 
Pure-Pak is the milk packaging system with the EXTRA benefits. 
BEST for plant efficiency . . . best on the routes! PLUS. ..a 
superior machine made by a company that leads in precision 
manufacturing, supplying over 30 basic industries with precision 
machines and parts. PLUS . . . a complete ONE-STOP supply 
service . . . including wax, wire, glue, cases and carriers. 

If you’re not already packaging all your milk this modern way= 
why not check to see how this change can benefit you. 


20 million times a day, someone breaks the seal on a fresh Pure-Pak carton 
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Improved in-plant efficiency: Pure-Pak milk 
packaging operation is clean, sanitary, economical—allows 
you nore efficient use of personnel. 


More driver benefits: Driver has no empties to 
handle, or load to shift. Lightweight Pure-Pak cartons save 
nearly a ton of lifting per day on 550 unit load. 


Greater consumer preference: Mothers appre- 
ciate the added safety of Pure-Pak’s shatterproof container. 
Other benefits: disposable, no bottles to wash or return. 


Greater space savings: Since Pure-Pak carton 
blanks are stored flat, a case of 500 quart containers take no 
more space than one dozen quart glass bottles. 


Quicker identification: Grocers know that Pure- 
Pak is the consumer-preferred carton. Exclusive top printing 
and gable top make identification easy. 


2 GREAT NEW PUBLIC-SERVICE 
MOTION PICTURES TO HELP 
BUILD YOUR MILK SALES 


Use these dramatic, informative motion pictures to build 


prestige in your community. They're ideally suited for 
showings to school PTA, club and church groups, and for 
public-service TV programs. 


“THE NEW STORY OF MILK”? this full 
color, 16 mm., 27-minute soundfilm, made for your use, 
shows today’s swift, sanitary methods of milk handling. 


“CRISIS” A 16 mm. documentary film tells how 


your dairy and local Civil Defense join forces to bring pure 
drinking water to your community in time of disaster. 


FOR DETAILS ON BORROWING OR PURCHASING THESE 
FILMS WITH YOUR OWN NAME AS SPONSOR, WRITE 
PURE-PAK DIV., EX-CELL-O CORP., DETROIT 32, MICH. 
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SANITARY PIPELINE 


MILKING 
SYSTEMS 


FOR MILKING PARLORS 
OR STANCHION BARNS 


WASHING 
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QUALITY PROTECTED AGAINST HUMAN 
HANDLING AND AIR-BORNE BACTERIA 


FOR OVER 40 YEARS .. . Universal has paced 
the continual advancements in improving milk quality 
through greater sanitation methods. Pipeline milking, 
the Universal Supermatic way, is an outstanding 
engineering achievement in modern milking equip- 
ment that protects milk quality. One small part of 
this system, for instance, the sanitary design of the 
Universal Milker Assembly, demonstrates the relia- 
bility of the sanitary features . . . the exclusive air 


~ release in the claw avoids milk rancidity . . . the 
exclusive claw shut-off eliminates the need for a hard- 
to-clean valve .. . and many others. 


MILKING MACH 


tional | stive First Ave., Albert Lea, Minn. 
SYRACUSE, NEW YORK = WAUKESHA, WISCONSIN 


our services. 


To our host of customers and 
friends we say “thank you" for 
the business and goodwill which 
has contributed so richly to our 
growth and the expansion of 


KLENZADE 


KLENZ-SPRAY UNITS 


for storage tanks. The 
most practical and perfect- 
ly engineered cleaning 


. system yet developed. 


Custom-designed for each 
individual installation. An 
outstanding Klenzade 
“first.” ; 


ANNIVERSARY HIGHLIGHTS 


SPRAY ARMS 


Job-engineered for auto- 
mation pan and evapo- 
rator cleaning. Pan re- 
mains inoperative through- 
out cleaning cycle thus 
saving operator's time and 
eliminating ‘‘burn-on'’ of 
cleaning solution. 


ROTOR-JET 
for cleaning bulk pick-up 
tanks. Does a thorough 
cleaning job in only ‘made 
utes per tank. Complete- 
ly automatic or; without 
program timer, for manual 


control. 


CIP CLEANING 


Re-Circulating unit for 
cleaning high temperature 
equipment and other 
cleaned-in-place opera- 
tions: with automatic tem- 
perature control. Portable 
solution tank with pump 
and convenient connec- 
tions. Also available for 
permanent installafion. 
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